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1. INTRODUCTION 


The STDN Ranging Equipment operates in conjunction ^ith other ground station equip- 
ment to provide precision range and doppler measurements for a wide variety of 
fpacebome vehicles. Operating with vehicles carrying an S-band phase -locked 
transponder, the Ranging Equipment provides unambiguous range data at distances 
greater than 500,000 k lometers, and nondestructive doppler data for carrier doppler 
frequencies up to 230 kHz. The system is designed f<>r vehicle dynamics of over 
15,000 meters/sec and 150 meters/sec/sec. The ra.vt;mg system employes sinusoidal 
modulation and extremely narrowband processing teclmiques to provide high accuracy 
range data with low received signal strength. 
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DESIGN SUMMARY 


:.l SYSTEM OBJECTIVES 

'me Ranging Equipment (RE) described provides the N\SA Spaceflight Tracking and 
Data Network (STDN) with precision ranging and carri’.-r doppler measurement capa- 
bility for spacecraft. his equipment provides ranging determination for spacecraft 
up to greater than O JO, ooo kilometers and data for range rate determination for 
S-band carrier dopp’.er shifts up to ±230 kHz corresponding to range rates up to 
15,300 meters/sec. 

The equipment: 

• Provid>-3 range data to an accuracy of 1.0 meter rms with a resolution 
of 0.15 meter 

o Provides nondestructive carrier doppler data to an incremental accuracy 
of 0.01 cycles rms with a resolution of 0.001 cycles 

• Provides rapid automatic acquisition 

• Provides display of range and doppler data 

• Provides self-test features for calibration and maintenance 

• Is fully compatible with existing and planned spaceborne and ground- 
based equipment 
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Figure 2. 2. 1-1. 


Ranging Equipment, Range Measurement Concept. 
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2.2 MEASUREMENT CONCEPTS 


2.2.1 RANGE 

The ranging aystem (Figure 2. 2. 1-1) employs a harmonic tone N'vavefoi rn, coi. ned 
'.’ith an ARC (Ambiguity Resolving Code), and uses phase delay measurement tech- 
niques for range determination. Each output range value is independent of previous 
values and is an unambiguous measure of total phase delay in units nominally equal 
to 0.15 meter. Each output range value corresponds io the instantaneous phase 
delay of the major range tone at the time specified by the output data time tag within 
±25 nanoseconds. (Major range tone signal flow is further illustrated in Figure 
4. 7. 2-1.*) 


Rate aid signals, derived from the carrier doppler, re used by the major range 
tone tracking ci 'cuits to; 

• Minimize initial phase lock acquisition time 

• Minimize loop phase lag errors due to signal dynamics 

• Allow use of very narrow bandwidths to reduce receiver noise errors. 

Minor range tones and digital phase matching techniques are employed for resolving 
cyclic ambiguities of the major range tone. A nseudo-random ARC is employed for 
resolving ambiguities of the lowest frequency (10 Hz) minor range tone. The minor 
range tones or the ARC subcarrier are used to modulate the carrier during the range 
ambiguity resolving process, but all baseband powrr is concentrated in the major 
range tone during the period of accurate ranging after ambiguities are resolved. 

A third-order PLL (phase lock loop) is used as a tracking filter for the major range 
tone. A rate aid signal is supplied to the PLL to permit the use of a very narrow 
loop bandwidth without causing excessive lag error due to signal dynamics. 

The rate aid signal is generated by a rate aid synthesizer using a biased carrier 
doppler signal and system reference signals. The input/output doppler ratio of the 
rate aid synthesizer is selectable to provide sufficiently accurate rate aid over the 
assigned range of carrier frequencies. 

The phase difference between the transmitted range tone and the filtered output ot 
the PLL at 500 kHz is translated to 20 kHz for line phase measure meni using a 
PDM (Phase Data Multiplier). 


♦For convenience bound in Ap a ndix A. 
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The instantaneous phase difference between the 20 kHz reference and data signals is 
contained in the +2000 scaler in the PDM at tha time of axis crossing of the 20 kHz 
reference signal. For actual data output, however, this instantaneous phasc data 
is obtained through a separate +2000 counter which is synchronized to the 20 kHz PDM 
input signal. 

The scaler count is read out to a buffer to be formatted for display and for external 
use. Phase delay is obtained as the ratio of the incremental count m, divided by 
the counts per cycle M, and is directly convertible to time delay as; 

t^ = T (m/M) 

Where: 

t = Vernier time delay value 

V 

“6 

T » 2 X 10 sec, the period of the 500 kHz range tone 
m = Count value 

M = 2000, the counter scaling ratio 

The range increment size is given by T/M and is 1 nanosecond (nominally 0. 15 
meter). 

A count of integer cycles of phase delay of the 500 kHz range tone is obtained by 
readout, at 10 pps, of the contents of a +50,000 counter which operates on the 500 
k'lz square wave used in the Digital Range Tone Extractor (DRTE) and which resets 
at a lO pps rate in synchronism with the DRTE. 

The ambiguity Interval of the delay data is extended beyond 0. 1 second (correspond 
to the lO Hz range tone) by readout of the difference in phasing of the transmitted 
and local Ambiguity Resolving Codes. 

The combination of whole cycle count and incremental cycle count is provided in 
one output data word which gives a round-trip range tone delay value with a resolution 
(Increment size) of 1 nanosecond :uid which is unambigiou to 6.3 seconds (ap- 
proximately S)5!),r)00 kill). 

Each output is "on time" and independent of all other sampled range values. 

2.2.2 DOPPLER 

The doppler data system enunis i..cremental cycles of carrier doppler (in 0,001 
cycle increments) and pr. aides a non-destructive on-time readout of the 
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instantaneous accumulated count. This pro\ 'des non-destructive doppler data with 
a uniform 0. 1 second sampling interval. Doppler counts can be continuously accu- 
mulated for 156 minutes at the maximum doppler. 

The doppler data system (Figure 2. 2. 2-1) accepts an arbitrarily biased doppler 
signal from the MFR (together with reference signals from the exciter and MFh 
synthesizer and from the system frequency standard) and provides an output doppler 
signal with a 70 MHz bias. This output-bias-plus-doppler signal is translated to 
a 1. 0 MHz bias frequency and then tracked b, i phase lock loop which acts as phase 
data multiplier. The resultant bias-plus-multlplied-doppler signal, which is 
available at the input of the ^250 counter in the PDM feedback circuit, is then trans- 
lated to a new bias frequency at two phases separated 90°. The two phases of the 
60 MHz ±57. 5 MHz data signal are then employed in a high-speed counter for read- 
out and display. The two different phases allow digitizing in 1/4 -cycle increments. 
This 1/4-cycle incremeniing coupled with the prior multiplication by 250 provides an 
overall resolutio i (increment size) of 0.001 cycle of the input data. (Total overall 
system frequency coherence and signal flow is further illustrated in Figure 4.1-1.) 



figure 2.2. 2-1. Doppler Measurement Concept 
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2.3 SIMPLIFIED FUNCTIONAL DESCRIPTION 


Utilizing the measurement principles described previously, the STDN Ranging 
Equipment has been configured into a ^stem as shown in Figure 2.3-1. * This 
system is basically comprised of the following functions: 

• Fixed Fi-equency Synthesizer 

• Range Measurement 

• Dc^pler Measurement 

• Test Simulator 

Range Simulator 
Doppler Simulator 

• Interface/Control 

These functicms are described below; a detailed description of the implementation 
of these functions is given in Paragraph 3. 2. 

2. 3. 1 FIXED FREQUENCY SYNTHESIZER 

The 5. 0 MHz station frequency standard in the Station Timing System is used to 
derive all the reference signals required within the Ranging Equipment. The 40 
MHz (xitput from the Fixed Frequency Synthesizer is used to generate the range 
tones and also a 400 KHz reference signal from the Modulation Combiner. The 
reference signals generated within the Fixed Frequency Synthesizer are used to 
derive both range ana doppler data and also to provide the synthetic signals for 
simulation of the equipmiait. Using 5 MHz station f^oquency standard to derive 
both the reference frequencies and range tones provides frequency coherence with 
the Station Equipment. 

2.3.2 RANGE MEASUREMENT 

The range measurement equipment which is essentially the equipment on the left- 
hand side of the block diagram (Figure 2.3-1), performs two basic functions: 

• Range Signal Generation 

• Range Determination 

The 10 timing pulse from the Station Timing System is used to synchronize 
these functions. 


♦For convenience bound in Appendix A. 
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2.3. 2. 1 RANGE SIGNAL GENERATION — The range signal generation equipiaent, 
comprised of the Range Tone Generator, Transmit Ambiguity Resolving Code (ARC) 
Generator and Modulation Combiner, produces the signals and the modulation wave- 
form to the Station Exciter necessary for the unambiguous measurement of range. 

From the 40 MHz reference signal the Range Tone Generator derives the major 
range tones at 500 kHz, 100 kHz, and 20 kHz; the minor range tones at 4 kHz, 

800 Hz, 160 Hz, 40 Hz, and 10 Hz; and generates a separate 500 kHz and 100 kHz 
signal used in the Modulation Combiner to provide a 400 kHz reference signal. 

The 10 pps signal froir. the Station i iming System is used to synchronize a data 
read-out control w>ihin the Range Tone Generator and distributed to the Transmit 
ARC Generator, the Range Counter and Doppler Counter. 

The ARC Generator provides 1023 bit pseudo-random code sequence at 160 bits per 
second. It pro\ ’des an output pulse at the start of r jich transmitted ARC cycle for 
synchronization «f the Range Counter and provides a 10 pps signal to the Local ARC 
Generator for it--, synchronization. 

The Modulation Combiner performs the functions of: 

1. Complementii^ all minor tones below 4 kHz onto the 4 kHz 

2. Modulation of the 4 kHz tone, when required, with the pseudo-random ARC 

3. Combining selected range tones and/or the subcarrier for use by the 
exciter to modulate the transmitted carrier 

4. Generation of a 160 Hz ARC clock signal 

5. Generation of a 400 kHz reference signal. 

2.3.2. 2 RANGE DETERMINATION — From modulation present on the Multi- 
Function Receiver (MFR) 110 MHz intermediate frequency signal, target range 
is determined, displayed on the Ranging equipment console, and transmitted in a 
32 bit format cO the Station Tracking Data Formatter. The Range Demodulator, 

Rate Aid Synthesizer, Range Tone Processor, Phase Data Multiplier, Digital 
Range Tone Extractor (DRTE), Local ARC Generator, and Range Counter make 
this determination. 

The Range Demodulator is used to deminhilate and level control the major tones, 
minor tones, complemented minor tones and ARC modulated 4 kHz subcarrier as 
received from the IF signal of the MFR. Level control is accomplished using a 
coherent AGC technique (based on the major range tone power derived in the Range 
Tone Processor) with gain adjustment performed prior to demodulation. 
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The function of the Rate Aid Synthesizer is to develop signals which consist of a bias 
frequency plus approximate major range tone doppler for the Range Tone Proce? or. 
These signals are developed by dividing the extracted carrier doppler (from Doppler 
Ebctractor) by a number s^proximately equal to the frequaicy ratio of the rtc<'ived 
carrier to the range tone frequency. This is used to cancel the frequency aynamics 
on the received major tones, thereby allowing the use of very narrowband tone track- 
ing filters with small lag errors due to doppler dynamics. This unit also provides a 
500 kHz rate aided signal for range simulation purposes. 

The Range Tone Processor (RTP) performs all analog operations associated with 
acquisition and tracking of the ranging signals. The RTP receives the combined 
ranging signals from the Range Demodulator and controls the acquisition and 
tracking of these signals using signals generated in the DRTE and the Local ARC 
Generator. The RTP employs a rate-aided PLL in tracking the received major 
range tcHie and produces a 500 kHz output signal for use by the Phase Data Multiplier, 
the DRTE, and the Range Counter. 

The DRTE uses the input 500 kHz tone in the synthesis of the lower frequency range 
tones and the 160 pps as a clock for the Local ARC Generator. Phasing of the synthe- 
sized signals is controlled by the DRTE to obtain a phase match between the 
synthesized and received signals. The DRTE produces a 10 pps signal which is 
synchronous with the simultaneous axis crossings of the synthesized range tones. 

A reset signal is produced and is used to synchronize the reset of both the Local 
and Transmit ARC Generators. 

The Local ARC Generator uses the 160 pps clock from the DRTE in producing a 
replica of the transmitted ARC. The timing of the syn*hesized ARC is controlled 
by a signal from the Transmit ARC. An output reference pulse to the Range 
Counter is produced at the start of each local ARC cycle. 

The Phase Data Multiplier translates the phase difference between the data and 
reference 500 kHz range tones to a set of data and reference 20 kHz signals and 
multiplies the resultant data signal phase and frequency b 2000. The resultant 
40 MHz signal is used in the Range Counter to dbtain a 500 kHz range tone phase 
delay resolution of 1/2000 of a cycle. 

The R:mge Counter generates output range values using clock and reference pulses 
supplied by the PDM and DRTE and by the Transmit and Local ARC Generators. 

The data output to the Tracking Data Formatter is a 32-bit binary word, while the 
output to the <H>eration control panel display is an 10-character BCD word. A 
10 pps signal is also sent to the Tracking Data Formatter to indicate the period 
of valid data taking. 
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2.3.3 DOPPLER MEASUREMENT 


The doppler measurement is performed by the Dqppler Extractor, Doppler Multi- 
plier, and Doppler Coiuiter. Doppler data is derived from the selected "best" 

VCXO signal from the Multi- Function Receiver. This data is transmitted as 42 
bit binary information to the Tracking Data Formatter and is also displayed on the 
operating console of the Ranging Equipment. 

The Doppler Extractor and ’CO Select are shown separately on the Fimctional Block 
Diagram (Figure 2.3-1) for clarity in explaining their functions. The VCO Select logic 
compares the AGO from both channels of the MFR and selects the strongest VCO signal. 
The MFR lock signal is used as an inhibit signal in the VCO seh;ct logic in the event 
that the MFR-VCO signal selected is not in a lock mode. The Doppler Extractor 
utilizes the selected VCO signal, the synthesizer sig lal (160.6-185.6 MHz) from the 
MFR and a mul iple of the Exciter transmitted frecoency (Fj /32 = 63.3-66.2 MHz) 
to produce a "bi is-plus-doppler" signal at 70 ± 0.23 MHz. This "bias^lus-doppler" 
signal is used by the Rate Aid Synthesizer as described in the previous section. 

The Doppler Multiplier takes the 70 MHz signal, and using 190 MKz and 69 MHz 
reference signals produces a new ”bias-plus-multiplied-doppler*’ at 60 MHz 
J; 57.5 MHz. The signal is sent to the Doppler Counter in two phases separated 
90". This phasing of the signal permits the Dq[>per Counter to provide an increment 
size of 1/4-cycle of multiplied do{q)ler. 

The Doppler Counter continuously accumulates a count of axis c? 'Sings of the 
bias-plus-multiplied-doppler signal and provides a 10 per second readout of the 
instantaneous cumulative count, including the residual l/4-c>vle increments. This 
provides a combined increment size of 0.001 cycle of the input doppler. The data 
output for external use by the Tracking Date. Formatter is a 42 -bit binary word. A 
separate output data word is provided for decimal display of the count accumulated in 
a 0.1 second interval. The display is updated once every 0.4 seconds. 

2.3.4 TEST SIMULATOR 

The simulator, containing a doppler simulator and a Range Simulator, provides test 
signals for exercising the Ranging Equipment to verify proper operation. The 
Ranging Equipment can be configured, in conjunction with the Test Simulator, to 
check operption of all components of the Doppler Data Extractor and the Range 
Extractor. Table 2. 3. 4-1 lists the operating and test modes with mode identification 
numbers. 

The Doppler Simulator generates a set of signals Tor use in the Doppler Elxtractor. 
Appropriate combinations of these signals and signals from the RE interface are 
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Table 2. 3.4-1, Ranging Equipment Test and Operate Modes 


MODE NUMBER 

MODE FUNCTION 

1 

NORMAL OPERATE 

2 

BYPASS SIMULATE 

a. 

Dq>pler and Dynamic Range Test 

1 

D(q>pler or Static Range Test 

I ^ 

NOR.MAL SIMULATE 

i 

Di^pler and I^amic Range Test 

! b. 

Doppler or Static Range Test 


selected for use in the Doppler Extractor for each mode listed in Table 2. 3.4-1. 
Signal connections within the Df^pler Simulator and Doppler Extractor are changed 
as required to obtain the several test modes. 


The Range Simulator, comprised of the Simulation Range Signal Generator and 
Test Modulator, generates a s^ of ranging signals (range tones and ARC) identical 
to those produced by Range Signal generation (Paragrsqih 2.3. 2), but with selectable 
static or dynamic delay. Its output signal is equivalent to the output 110 MHz carrier 
of the Multi- Function Receiver. 

The Rate Aid Synthesizer provides an auxiliary output which provides a source of 
properly scaled dynamics for the ranging signals. 

2 . 0.5 INTERFACE/CONTROL 

The Interface/Control logic circuitry is used to transfer commands from the Station 
Computer to the Ranging Equipment and to command verification and status monitoring 
from the Ranging Equipment to the computer. The Interface/ Control logic also pro- 
vides Ranging Eqi.i|.ment status to the Tracking Data Formatter. Table 2. 3. .5-1 
de»!ir es the co., mand and control signals from the computer in addition to the other 
station eq- q-ment signals used by the Ranging Equipment. Table 2. 3. 5-2 defines the 
signals 'om the ranging equipment to the station equipment. 
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Table 2. 3. 5-1. gtaHnm Egiri pmani: Slg^la to Rangliig Rq ulpnient 


8IGMAL 

FROU 

TO 

CHARACTERISTICS 

REMARKS 

Beievenoe 

Timing System 

Male Aid S>*ntlie8tter. 
Doppler Multiplier. 
Fixed Frequency 
Sinthesizer 

3 klHx. 0.7 Vrms into 30 
ohm ioa<L Stahliity - 1 
in 10^ 

Basic Timing Signal for Ranging 
Equipment 

Reference 

Timing System 

Range Tone Generator 

10 PPS 

’*1“ « 0 U.3V M* rasee 
*’0” • -6 • 0.3V 2u msec 
Riaetime - 10 nanosec 
Stable within 3 nauosec 
‘*On-Tlme*’ - positi\w 
going edge of pul ae 

Timing Signal for ainplli^ rai^ 
and doppler data 

Exciter Ready 

Exciter 

Cmitrol Logic 

Standard Logic Ler-el 

I'sed to inhibit modulation sigiai 
to Exciter 

Tnasmit Fre- 
quency Reference 

Exciter 

Doppler Extractor 

Ft/ 32 » C3.2t* iWi.23 
3 IHe 

Level : 0 dbm 2 dB 
into 30 ohms 


Reference 

MFR 

Doppler Extractor 

33 MHz 

Level: -12 dB into 30 
ohms 

Not used - Signal generated 
within Fixed Frequency 
Synthesizer 

IF 

MFR 

Range Demodulator 

no MHa 

Level: -03 dBm i 2 dB 
into 50 ohms 

Carrier for range tones 

AGC- 1 

MFR 

Doppler Extractor 

Level: 0 to lOVdc into 
1000 ohms 

OV « stixmg signal con- 
dition 

Used for selection of VCXO 

AOC-:2 

MFR 

Dopider Extractor 

Sec above 

Sec aboiie 

VCXO-1 

MFR 

Doppler Extractor 

Freq: 132.4 MHz (nom) 
Level : M dBm 2 dB 
into 30 ohms 

Tsed tor S-band dopier 
extraction 

VlXO-2 

MFR 

Doppler Extractor 

See above 

See above 

^ynthc«*cr 

Output 

MFH 

Doppler Extractor 

Frcq. Range: )<>0.6to 
IA3.r> MHz. in 2.3 ki*z 
steps 

Level : M dBm 2 <IB 
Into 30 ohms 

Represents 400*300 MHz If tuning 
rai^» of receiver in 10 kHz steps 

tock- 1 

MFIi 

Doppler Extractor 

! 

Standard Logic Level 

IndicaU'S b)ck status M rccei\^r 
«cron«lary iihaae lock loops 

Lock -2 

MFU 

Doppler Extractor ' 

MandartI Logic Lwil 

See alnne 

Reaedetion Tcm* 
Select 

Computer 

Cnntrol Logic 

Standard L<'gi*' Level 

Selects major tone 

Start/ Reset 

C ompuler 

Cuntrol Logic 

Standard L>*gie t.< ve1 

To rnahle ranging acquisition 

Modulation 

ON/OFF 

Computer 

Ctmtrof Logic 

Standard I 1 evel 

Esetl In series with "Exciter 
Ready' to inhibit output to 
ExcUor 

Onc-"ay/Two- 
Way Doppler 

Computer 

Control Logic 

Standard I 'gic Level 

Indication only 
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Table 2.3. 5*2. Ranging Equipment Signals to Stetion Equipment 


SIGHAL 

FROM 

TO 

CHARACTERISTICS 

REMARKS 

Tooe ModiilaHon 

Modulatifip Com- 
biner 

Exciter 

Level 0 to 4V p to p oont. 
adtuatnUe. into 50 ohms 

4 volts corresponds to 3 radians 
phase deviation of Exciter 

Besot adoa Tone 
Selected 

Modulation Com- 
biner 

Computer 

Dry» 1/2 amp‘ closure 

StMus Indication regudless of 
LOCAL or COMPUTER Control 

mart Initiated 
Modjiatlon ON/OFF 

CoiBrol Logic 
Control Logic 

Computer 

Computer 

Dry, l/2 amp closure 
Dit» 1/2 amp closure 

Status indicaUan regardless of 
LOCAL or COMPUTER Control 

1 

Arc Use /Bypass 

Control Logic 

Computer 

Dry. 1/2 amp idosure 



ONE Way /Two 
Way Doppler 
Selected 

Control Logic 

Computer 

Dry. I /2 amp closure 



Uocai/CorapiBer 

Selected 

Data Processor 
Control Panel 

Computer 

Dry. 1/2 amp closur . 



Range Acquired 

Range Counter 

Computer 

Dry. 1/2 amp closure 

1 


RF Ready 

Control Logic 

Computer 

Dry. 1/2 amp closure 

Status In^catlon regardless of 
LOCAL or COMPUTER Control 

Range Data 

Range Counter 

Tracking Data 
Formatter 

32 bits Standard Logic 
Level 



Range Granular- 
ity (SOQ/lOo/20 
kHs) 

Control Logic 

Tracking Data 
Formatter 

2 bits Standard Logic 
Level 

Shows position of Resolution 
Tone Selector Switch 

Range Acquired 

Control Logic 

Tracking Data 
Formatter 

1 bit ^andard Lc^c 
Level 

Bit is set when all tones have 
been acquired and first range 
word is ready f->r oigputting; 
al sc required by Computer 

Modulation ON/ 

OFF ! 

j 

Control Logic 

Tracking Data 
Formatter 

1 bit Standard Logic 
Level 

Information also required by 
Computer 

Doppler Data 

Doppler Counter 

Tracking Data 
Formatter 

42 bits Standard Logic 
Level 



Doppler Good/ 

Bad 

I 

Control Logic 

T racking Data 
Formatter 

I bit Standard Logic 
I.evel 

Bit Is set when ^^FR Ixxrk -1, -2 
signal received and Counter is 
ready to output. Bit shall appear 
on 6 sermrate pins 

One Wav/Tw-o ' 

Wa> Doppler 
Selected 

Control Logic 

Tracking Data 
Formatter 

1 bit Stanctenl Logic 
Level 

Set by position of One -\i'ay/ Two- 
Way Selector Switch 

VCO Change/ 
Doppler Bad 

D<^pler 

Extractor 

T racking Data 
Formatter 

1 bit Standard Logic 
Ixjvel 

Must be displayed for ino mllll- 
seconda from time of fault. Bits 
shall appear on 6 separate pins 

Bias plus Doppler 

Doppler Multi- 
plier 

Tracking Data 
Formatter 

l.O ■ 0,23 MHi 

Temporary usage to satisfy interim 
station configuration 

Data Available 

Range Counter 

Tracking Data 
Formatter 

10 pps 

Indicates period of valid dsta 
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2.4 SYSTEM OPERATION 


2.4. 1 OPERATIONAL CHARACTERISTICS 

2.4.1. 1 RANGE MEIASUREMENT — Range measurement is performed using a 
hybrid ranging technique that employs side-tones and a pseudo- random binary- 
encoded ambiguity resolving code. The available ranging tones are: 500 kHz, 

100 kHz, 20 kHz, 4 kHz, 800 Hz, 160 Hz, 40 Hz, and 10 Hz. 

Any one of the three highest available tones :iay be selected as the major tone used 
to obtain range data resolution. During ranging operations, the selected major tone 
is transmitted continuously and the lower tones are sequentially applied to resolve 
range ambiguities. For transmission, the 800 Hz tone is complemented on the hi^ 
side of the 4 kHz and thus becomes 4.8 kHz. The thr'ie lowest tones are transmitted 
double sideband-suppressed carrier using the 4 kHz lone as a subcarrier. This 
eliminates moduiatimi components close to the carrier which could d^rade carrier 
acquisition and tracking. The lowest sidetone (10 Hz) gives an auibiguity interval 
of 0.1 sec, approximately 15,000 kilometers. 

An ambiguity resolving code (ARC) having a length of 1023 bits is bi-phase modulated 
on the 4 kHz tone. The code bit rate of 160/sec gives a code period of 6.39375 
seconds, corresponding to an unambiguous range of approximately 958,000 kilometers. 
However, the range word readout size of 32 bits limits the maximum range readout 
to 644,000 km. 

Ranging signal delay is measured with a time increment size of 1 nanosecond 
corresponding to an approximate range increment size of 0. 15 meter. 

2.4. 1.2 DOPPLER MEASUREMENT — Do{^ler measurem^t cmisists of a periodic 
readout (10/sec) of a continuously accumulated count of cycle increments of a doppler- 
plus-bias signal. Frequency translation and multiplication, provide a reso’"tion of 
1000 increments per cycle of extracted-carrier doppler. 

2. 4. 1.3 RATE AIDED TRACKING — Rate-aided tracking is used to permit the 
using of a narrow bandwidth range tone tracking PLL with severe signal dynamics. 

A rate-aid signal is synthesized from the extracted dcppler-plus-bias signal with 
a fractional error of 1 part in 17,600, or less. As a result, the PLL bandwidth 

can be very narrow to minimize noise error in the output range data without incurring 
excessive lag error for range acceleration magnitudes of 150 meter/sec or less. 

2. 4. 1.4 ACQUBITION PROCESS CONTROL — The acquisition process requires 
phase lock and amplitude lock to the major range tone, the successive application of 
minor range tones and the ARC to modulate the up-link carrier, and matching the 
locally generated counterpart signals to the returned modulation signal. 
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The process is initiated after receipt of exciter ready status from the Exciter and a 
phase lock status from the MFR. 

The operator can select options for controlling the sequence of steps and the integration 
time for each correlation of local and returned signals. The selectable (^tions 
are: 1) automatic, (^erator, or computer control of the sequence of ^qiplication of 
tones and ARC; and 2) automatic or operator control of integration time (and the 
resultant adjustment) for each correlation. 

2.4. 1.5 SIMULATION — The Test Simulator provides the means for exercising 
the doppler and range data extraction functions of the Ranging Equipment. A static 
value of range can be inserted at the control panel for a check of range output data foi 
normal signal routing or with the transmitter/transponder/receiver path by-passed. 


In addition, a doppler value can be inserted at the control panel for a check of doppler 
output data. The resultant extracted doppler signal can be used in the Range Simulator 
to obtain cohere Ty related doppler data and change of the range data. In this mode, 
a dynamic range is simulated. This can also be accomp’ >hed either in conjunction 
with the MFR and Exciter or with them bypassed. 

2. 4. 2 OPERATIONAL SEQUENCE 

The basic Ranging Equipment operational sequence for a tracking operation comprises 
a preparation sequ^ce and an acquisition sequence. 

2.4.2. 1 PREPARATION SEQUENCE — During the preparation sequence the major 
tone is selected; if necessary the align.nent of minor range tones, and the setting of 
the Range Calibration Adjust (zero-set) are checked and adjusted. After completion 
of alignment and zero-set operations, the equipment controls are set for initiation 
of ranging operations upon receipt of exciter ready and receiver lock status bits. 

2.4. 2. 2. ACQUISITION — The acquisition operations are sequentially performed 
either automatically or step-by-step manually, in accordance with the setting of 
the Manual/Automatic switch. The acquisition process is initiated with the application 
of the selected major range tone to the modulation input of the exciter. The major 
range tone modulates the carrier continuously during tracking operations. 

As soon as phase lock by the PLL of the Range Tone Processor is achieved, the 
first minor range tone is .applied, as modulation, and phase correlation between 
the received minor tone and the equivalent synthesized tone from the DRTE is meas- 
ured. If the correlation value is insufficient, pulses are deleted in the DRTE scaler 
for that tone causing the tone to lag, and the correlation is measured again. The pro- 
cess is repeated until in-phase Indications have been obtained. As soon as the in-phase 
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coadltioa for one tone Is verified, that tone is removed from the exciter modulation 
input and the next lower tone is applied. The phase adjustment process is performed, 
in sequence, for each successively lower frequency minor tone until all of the minor 
tones of the DRTE h?'ve been matched to their respective received tones. 

After acquisition of range tones through 10 Hz has been completed, the Ambiguity 
Resolving Code is applied on its sidj-carrier to modulate the transmitted carrier. 
Correlation between the local ARC and the received ARC is measured. If correlation 
is not obtained, the local ARC is delayed 16 bit positions and the correlation is 
again measured. The process is repeated until full correlation of local and received 
codes is obtained and verified. Once correlation is achieved, then the ARC modulated 
subcarrier is removed from the exciter modulation input and tracking continues with 
major range tone as the sole modulator of the up-link carrier. The use of the ARC 
may be bypassed if desired. 

2.4.3 CALIB lAtiON AND CHECKOUT 

Calibration of the Ranging Equipment is performed in conjunction with the Station 
Equipment. The Station Equipment is locked onto the transponder on the Station 
Collimation Tower. The surveyed distance between the station and the tower should 
then be displayed on the Range Display on the Ranging Equipment. If there is a 
discrepancy between the Range Display and the surveyed range, the Range Calibration 
Adjust thumbwheels are then set so that the Range Display and surveyed range are 
in accord. This places a fixed bias into the Range Counter to compensate for total 
equipment delays and provide a true range display. In general, the thumbwheel 
settings will be dependent upon the major range tone selected. Thus the calibration 
procedure must be performed using the major range tone which will be used for 
the actual mission. 

Since the doppler measurement channel is frequency coherent (See Paragraphs 
2.2. 2 and 4. 1) with the Station Timing System, dc^pler measurements need not be 
calibrated. As may be seen in the System Error Analysis (Section 4.). the ranging 
portion of the system has been designed to minimize errors such as those caused by 
environmental factors. However, it is recommended that the range calibration process 
be performed at least once every 8 hours or immediately before each mission to pro- 
vide confidence in the range measurement. 

It is also recommended to exercise and align the system using the Test Simulator 
before a tracking mission. The Ranging Equipment should be exercised in the BY- 
PASS SIMULATE mode first. In this mode both doppler and range measurement 
channels may be checked by by-passing the Station MFR and Exciter. In the NORMAL 
SIMULATE mode the ranging equipment is exercised using the MFR and Exciter. 
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3. SYSTEM DESCRIPTION 


3.1 PHYSICAL 

b. 1. 1 CABINET DESCRIPTION 

The steel cabinet is nominally 87 inches high including the pontoon base, 24 inches 
wide, and 30 inches deep. See Figure 3. 1. 1-1. Side panels and a full length rear door 
will be provided; all are removable. 

Under floor cooling and cabling are utilized. Intersystem cabling enters an intercon- 
nection panel in the rear while cool air openings are at the forward bottom portion of 
the cabinet. The air is forced up through the equipm ent by an exhaust fan at the top of 
the cabinet. Environmental and cooling conditions ' re given in Specifications S-571- 
P-37A and S-571 -P-6A. Those conditions most pertinent for design considerations are 

• Ambient Air Temperature 50" to 100°F 

• Forced Air (from floor pressure) 

Intake Temperature 53® to 63® F 

Exhaust Temperature 10® to 40® F 

(above intake) 

The heat dissipation within the cabinet is conservatively estimated at 1000 watts, half 
occurrii^ within the power supply drawers. With a 40® F rise relative to the maximum 
inlet temperature of 63® , and allowing 775 watts of external heat absorbed from the 
worse case environmental temperature due to radiation and convection, the required 
air flow rate can be determined by: 

Flow rate = 

where 

Q 
At 
K 

P 

For air, Cp 

K = 55.5 ft^ • "F/BTU = 3.18 (* F /watt) (ft^ /min) 


= Heat dissipation rate 
= Temperature gradient 
= 1/CpP 
= Specific heat 
= Density 

= 0.2402 BTU/lb/®F, p= 0.075 lb/ft3, and 
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ill circuit designs and analysis to determine stability over the required operating 
environment. 

Because tb^ pcv.’e:' supply is the worst heat producing unit and contains the least 
temperature sensitive components, it is located as close to the air exhaust as possible 
— at the top ui the cabinet. See Figure 3. l. l-l. This allows cool inlet air to scrub 
the electronic chassis before it is heated by the power supply. 

Small, quiet blowers are used m all chassis to eliminate hot spots. These small air 
circulators also allow safe temporary drawer operation outside of the cooied cabinet 
environment — troubleshooting on the bench, for example. 

AC power is distributed to the various chassis by a plugmold. A cq bus, electri- 
cally connected to all chassis as well as to the cabinet frame, is use "etum path 

for dc voltages. 

Cabinet-to-draw t interfacing cables are supported by cable retractors, with easily 
disconnectable connectors used at tiie drawer interface. 

3.1.2 CHASSIS DESCRIPTION 

All drawers are mounted with quick disconnect slides. The levels of eye sight, over- 
head reach, and wrist height are those tabulated by MIL-STD-1472, '*Hu-uan Engineer- 
ing Design Criteria for Military Systems, Equipment and Facilities. " 

3. 1. 2. 1 POWER SUPPLY — This unit is basically a collection of off-the-shelf 
standard powei^ supply modules. The supporting chassis contains cooling fans for 
convection coolmg. 

3. 1.2.2 HIGH FREQUENCY PROCESSOR — This chassis consists mostly of printed 
wiring boards shielded by metallic cans. The wiring (lower portion) of the unit is 
solidly covered. The upper portion is enclosed by a perforated metal cover to obtain 
shielding with minimum cooling air obstruction. 

3. 1.2.3 LOW FREQUENCY PROCESSOR -- This unit is identical in design and con- 
struction to the Hi^ Frequency Processor, except <''at the printed wiring boards are 
not shielded. 

3. 1.2.4 DIGITAL PROCESSOR — This is a completely covered draw»jr utilizing 
integrated circuits mounted on several packaging panels. These packaging panels 
contain rows jf sockets which accept dual-in-line ICs. The front panel is large 
enough to contain the necessary switches and ind*ca*ors to control and monitor the 
system. 
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3. 1.2.5 FREQUENCY SYNTHESIZER - This unit Is a rack-iaounted version of 
Rockland Systems Corporation, Model 5100 Frequ« ' Synthesizer. 

3. 1.3 INDICATORS AND CONTROLS 

Front panel Indicators and controls, which are available op. the three major drawers, 
are Illustrated In Figure 3. 1.3-1 and described in Table 3. 1.3-1. 


TABLE 3. 1.3-1 Controls and Indicators 


NAME AND/OB KyctmOM 

TYPE OF CONTBOL/INDICATOR 

FUNCTION 

Receiveu Frequency 

5-Section Thumbwheel Switch 

Sets nominal received frequency for use by 
Rate Aid S 3 mthesizer 

Tone PLL Status 

2 -Section Indicator 

Indicates: 

a) Loop is locked to actual major range tone 
b> Loop is locked to pilot tone 
c) Loop is not locked 

AcquiaUion Mode - PLL 

5- Position Thumbwheel Switch 

Used to select acquisition mode of phased 
lock loop in Range Tone Processor 

Phase Meter 

Meter 

Used in manual mode to observe ph'^^e 
comparison 

Modulation - ON /OFF 

Pushbutton Switeh/tndicator 

Controls application of modulation to the 
Exciter 

Modulation Level Adjust 

Potentiometer 

Sets amplitude of modulation to the Exciter 

MFR VCXO Select 

Pushbutton Switch /Indicator 

Allows and indicates manual or automh ic 
VCO selection 

VCXO-L VCXO-2 

Pushbutton Switch Indication 

Selects and/or indicates VCXO being used 

Range Display 

10 Characters 

Indicates current range measurement in 
1 nanoseconds 

Doppler Display 

9 Characters, including sign 

Indicates currf . doppler nieasurement in 

Normal /Simulnte 

Pushbutton Switch ^Indicator 

Selects and in. ^ates Input signals to ranging 
equipment from simulator or station equip- 
ment 

Ix>cal /Computer 

Pushbutton Switch ^Indicator 

Selects and indicates control of ranging 
equipment 

RF Ready 

Pilot Ligi 

Indicates vxciter ready rnd receiver lock 
status IS received 

Sync Loss 

Pilot Light 

Indicates loss of reference pulse SMich 

DoppL-. t 

Momentary Puahbutton/Indicator 

Initiates automatic VCO select process 7n ^ 
resets Doppler Counter 
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TABLE 3. 1.3>1 Controls and Indicators (Ccmtiniied) 


NAME AMD/OB POami 

TYPE OF OOMTROLAXDICATOa 

FUMCTIk/lC 

One Waf/Tme Way 

PaalMam Bt^RcB/Wlcaler 

ai IhOotfM no^ of dopier 
opecaftlaa 

hi Prmrtdia atotaa al^tol to CuaiMtiBr aad 
Trackiap Data Fonnstter 


PaaAbnaM SaRch/fcrftcater 

ai FanWaa raagioc aopaioittoa dartag naatol 
or aaioaiatic opeiottoo 
b) Fimhioa aad indleatoa reoat nod loatart tf 
raogtag apecattoo 

lia|Br Taw Selact 

PasAbatMa 9ailcb/fadkaAar (far 
«acb awjor raaga aaaai 

a) Selacto major nny mao 

b) ladicnias lack for toaa aolectod 

]|lB»r Raac« Toar Sdcct 

Puskbattaa 9aflcli.^^bMt(caiar (for 

oacH raafo teaol 

ai Select aad iodhratfoo of range taoe 

b 1 fodicaitoa aequioitioa or lock of range tone 
(amoamtiel 

c> fodlration of range taao (atooartlc) 

ABC 0»^4>ck 

PusbbuUui Svitch Tadicator 

Manual eeloctfon of ARC and corrolatioo 
indie atioa 

Baace Cooptcir 

Pilot Li(bt 

indicaieB all range teaua acquired 

AaMmacic /Maaaal 

Pasbbuttoo Sariacb/todScator 

Selacti aad iodtoaiea mode of ranging 
acBoisittao 

llMiaai SAtft 

Pusbbuttoa Ssriicb 'ladlcalor 

I'aod in maoual mode to tddore pbaao match 
of antaaor tonaa aad ARC 

laave CatfbrMfoa 

5-Sectioa Tbuiaballeet Siritcll 

Seta range callbraCfoo oumbera for remoiral 
from range readout (Zeroaeli 

nwrf^allaa Time Srlvct 

1' Scctioa Tbitmlorheel Switch (< 
positioas. 1 Auto plus r> selociioos) 

Provides n.anual selection of integration 
time or selection of automatic mode 

ARC Prwai 

2-Section Thumbwheel Switch 

Presets ambigwitv number in ARC gaoemtor 

ARC Vse/ByiMS 

PuAhhutton Switch/ladicator 

Allows bypassing use of ARC in ranging 

ARC Alarm Re«et 

Pushbutton Switch 'Indicator 

Indicates error in nmbiipiitr number sod 
allow H manual AK(' react 

Cli«ck Ambi|(yity 

1 

Ihishbutlon Switch Indicator 

al Indicates loss of lock by MRT PLL after 
ran^mR complete 
U\ Can be reset manuallv 

Sl9l\r Raai^r Select 

Thumbwheel ^wltch 

( sed to select range for use rn atatic range 
stmulatton 

iQsert Data 

Motticofvrv P'jshbuttoo ^ 

Inserts selected static ringe value 

Suitic ^t>jrBamir 

Pushinitton ^itch Indicator 

1 seri lo selifct static or dynamic range aimu* 
latio- when in simulation mode 

Marmai ''Bypass 

Pushbutton Switch Indicator ^ 

Select* and indicates mode of simulator 

opei ation 

Dop;>>t Sofect 

I't-'MclJon I*» heel Switch 

i sed to select doppler for uac m simulation 
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3.2 


FUNCTIWAL 


3.2. 1 RANGE TONE GENERATOR (RTG) 

The Range Time Generator (Figure 3.2. 1-1)* produces the following phase cohera t 
output signals; 500 kHz. 100 kHz. 20 kHz. 4 kHz. 800 Hz. 160 Hz. 40 Hz. and 10 Hz. 
All of the ou^Nits are digitally synthesized frmn an input 40 MHz r^erence signal and 
are synchronized to within 25 nanosecoiMls of an input 10 pps r^erence pulse train. In 
particular, the 10 pps output is synchronized to the positive going ed^ of the 10 pps 
input. 

The RTG <g>erates from a 40 BflHz r^erence coherently produced from the 5 MHz sys- 
tem referoice input. The 40 MHz is used (instead <A <^>erating directly from 5 MHz or 
1 MHz) to provide the required 25 nanosecond settability without the need for an analog 
phase shifter. The 40 MHz reference sigpial is divided down to a 1 MHz pulse train 
using divide-by-five and divide-by-ei^t synchronous couiders as shown in Figure 
3.2. 1-2. The 1 MHz is power driven for subsequent use as the clock signal for the 
remainder of the countdown chain. This insures that the countdown chain output skew 
is d^^ident only on the differential delays of the gates and the output divi(fe-by-two 
flip-flops. Typically, the differmitial delays are less than 3 nanoseconds and stable 
within 1 nanosecond. Since die divide-by-five and divide -by-ei|^t coimters are capable 
of reset by the same svnc circuit, the 1 MHz ouQmt (and thus all lower frequency out- 
puts) can be positimied in time in 25 nanosecond increments. 

*For convenioice, bound in ^q>«idix A. 



-40(1 WH2) 


Figure 3.2. 1-2. Divide-by- Forty Circuit 
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The Range Tone Generator outputs are the source of the transmitted range tones as 
as other system reference frequencies. The output AND-OR gates select outputs 
either from the RTG frequency divider chain in the NORMAL mode or from the ..tmu- 
lator RTG frequency divider chain when in the SIMULATE mode. For all minor range 
tones, outputs are produced in two phases; 0* and 72* for 4 kHz, SOO Hz, and 160 Hz; 
nnd 0* and 90* for 40 Hz and 10 Hz. The two different phases are i»ed in the Modula- 
tion Cond>iner tc provide the phase shift capability necessary for equalizing system 
delays during alignment. (A typical divide-by-five circuit which produces the two 
required phases is illui^trated in Figure 3.2. 1-3.) 

in addition to supplying the range tones themselves, the RTG clbo siqipliet; vw kHz and 
100 kHz signals to the Modulation Combiner to produce 400 kHz and the 10 pps sampling 
pulse for use In the Transmit ARC Generator and in the Range and Dopfder Counters. 

Synchronization of the range tones with the 10 < 4 >ut sync signal is achieved by 

detecting leading edge coincidmice of 10 pps sync signal and the synthesized 10 Hz 
signal. If th^ are not coincident within 25 nsec, a reset pulse is provided to the count- 
down chain setting it to the all-zeros state which presets the coiaitdown chain by 1 cmmt 
<25 imec) such that the next comparison between the 10 pps sync sigial and the synthe- 
sized 10 Hz signal ideally would result in the 10 Hz synthesized signal arriving 25 nsec 
early at the next comparis<m. However, toe imcertainty in the next transition of toe 
divider chain 40 mHz clock will result in toe 10 Hz synthesized signal a^ riving t nsec 



PTOM* 


Figure 3.2. 1-3. 


Typical Divide-by-Five Circuit. 
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late, where 0 s t ic 25 nsec. Tlius, the next comparisoii will result in a skew S equal 
to 


S = (25 - t) nsec 


where 


0 £ t £ 25 nsec 


This skew is biased at -i-12.5 nsec. The bias is removed by delaying the release of the 
divitter chain reset signal with respect to the 10 Hz sync by 12.5 nsec. The skew is 
now 


S = (25 - 12.5 - t) nsec 


where 


0 £ t £ 25 nsec 


Thtm, the maximum deviation of the skew is ±12.5 nsec. The 12.5 nsec delay in the 
release of the reset is implemoited by a <me-shot circuit. 

Figure 3.2. 1-4 shows the sjmchronization circuit. The leading edge of the sync signal 
and the 10 pps from the coimtdown chain create 25 nsec pulses by driving one-shot cir- 
cuits as shown, ff the two one-sh<rt pulses do not overlap, counter AB advance to the 
two state enabling the next zero state of the sync signal to reset the countdown chain. 
The reset is released at the positive transition of the sync signal delayed 12.5 nsec by 
die one-shot. When the 2 one-shot pulses overly (a synchronized condition) a pulse 
is set to the synchronizing counter AB resetting it to the initial state. Because of the 
asymmetry of the sync signal, gate D is provided to allow synchronizatimi of the two 
signals independent of the out-of synchronizaticm phase relationship. A red li^t is 
driven from the sync circuit to display an out-of sync condition. 

The Range Tone G^erato? circuitry is physically located in the Digital Processor 
drawer. 



Figure 3.2. 1-4. Synchronization Circuit. 


3-10 






3.2.2 TRANSMIT ARC GENERATOR 


For resolving ambiguities in the 10 Hz range tone, the Transmit ARC Generator 
(Figure 3.2. 2-1) produces a pseudo-random ambiguity resolving code (ARC) using a 
10-bit shift register as a sequence generator. 

The ARC reset signal from the Digital Range Tone Extractor (DRTE) initializes the 
code generator to the all 1 's state. The next leading edge of the 10 Hz square wave 
from the Range Tone Generator enables the 160 Hz shift register clock (from the Modu- 
lation Combiner) and s<.-ts the Local ARC start signal. The Q7 and QIO outputs of the 
shift register are exclusively OR'd to produce a 1023-bit pseudo-random code for feed- 
back to the shift register serial input and for input to the Modulation Combiner where 
it is used to bi-phase modulate a 4 kHz subcarrier. 

The generator it supplied with an all I's detector circuit which provides an output 
pulse each time le sequence goes through this reference condition. The time between 
this output and a similar ouq>ut from the Local ARC Generator represents the coarse 
range data. 

Since the code length is 1023 bits, and the code is clocked at a rate of 160 bits per 
second, the code length is 6.39375 seconds. This provides an ambiguity resolving 
capability of approximately 958,000 kilometers. 


160 HZ 
(MOO COMB) 


10 HZ 
(RTGI 


ARC RESET 
lORTE) 



TRANSMIT ARC 
(MOO COMB) 


TRANSMIT ARC 
REFERENCE PULSE 
(RANGE COUNTER) 


LOCAL ARC START 
(LOCAL ARC GEN) 


SS006 


Figure 3. 2. 2-1. Trfuismit ARC Generator, Block Diagram 
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TTie Transmit ARC Gaierator circuitry is located in the Digital Processo** drawe'-. 


3.2.3 MODULATION COMBINER 

The Modulation Combiner (Figure 3. 2. 3-1) combines the 8 range tones and ARC lor 
modulation of the up-link carrier via the Exciter, hi g^eral, this is accomplished by; 

1. Hi^-side complementing the 800 Hz tone onto the 4kHz tone 

2. Bi -phase modulation of a 4 kHz sub-carrier with the 160 Hz, 40 Hz or 
10 Hz tone or with the ARC 

3. Linear combining the major range tone (500 kHz, 100 kHz, or 20 kHz) with 
a minor range t(xie or the ARC modidated sub-carrier 

4. Providing level adjustment to control modulation index of various tones, 
and phase shifters for some minor tones for initial ambiguity alignment 

5. hi addition, this unit g^erates a 400 KHz reference signal for use by the 
fixed frequoicy synthesizer 

All the range tones are provided to the Modulation Combiner by the Range Tone Gen- 
erator in squarewave form. For all range tones below 20 kHz, two phases are siq>- 
plied which allow for continuous phase shifting of the minor range tones over a range 
of at least 72® or 90® as appropriate. This capability provides the required tolerance 
for initial system alignment. Because the phase shifter will produce harmonic energy 
and amplitude change over the control range, it is followed by a filter and limiter. No 
phase shifters are included for the 500 KHz, 100 KHz or 20 KHz tone in order to mini- 
mize phase drifts due to temperature and level variations. This is important since 
phase variations of a major range tone contributes directly to range measurement 
error. Phase shifters for 100 kHz and 20 kHz phase alignment are provided in the 
Range Tone Processor. However, those phase shifters are not in the signal path wh«i 
the tone is selected as the major range tone. 

The 500 kHz throu^ 4 kHz tones are transmitted as sinusoids with harmonics down at 
least 40 dB. The 800 Hz tone is transmitted as the upper sideband of 4 kHz at 4. 8 kHz. 
Harmonics of the 4.8 kHz are down 40 dB and the lower sideband of 4 kHz (at 3.2 kHz) 
is down 20 dB. The minor range tones below 800 Hz are complemented onto the 4 kHz 
range tone in the form of double sidebands of a 4 kHz supressed carrier. (The 4 kHz 
subcarrier is bi-phase modulated with the minor range tone.) For these tones the com- 
plementing balanced modulator is followed by a bandpass filter passing frequencies 
from 3.2 kHz to 4.S kHz. This filter insures that the lowest frequency modulation 
energy of si^ificant power is at least 3.2 kHz removed from the carrier, thus avoid- 
ing carrier tracking interference. 
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Figure 3.2. S“l. Modulation Combiner, Block Diagram. 
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The ARC is applied to ‘^he complementing balanced modulator in the same manner as 
the tones are applied. This results in a bi-phase modulated 4 kHz signal. 

Tlie minor tones and ARC signals are linearly combined with the selected major tone 
in a summing amplifier where each major range tone signal level is individually 
adjustable, liiis combined output is passed through a variable gain amplifier and pro- 
vided to the Exciter. This final gain control is located on the high frequency processor 
front panel and adjusts the output to the Exciter from 0 to 4 V peak-to-peak. 

The Modulation Combiner also produces a 400 kH" reference signal for use in the 
Fixed Frequency Synthesizer. This reference is generated by mixing 100 kHz and 
500 kHz square waves from the Range Tone Generator. 

The circuits necessary to inqilement these functions are located in the High Frequency 
Processor drawer. 

3.2.4 RANGE DEMODULATOR 

The Range E>emodulator Is part of the range signal generator subsystem and is physi- 
cally located in hi^ frequency processor (Figure 3.2. 4-1). The function of range 
demodulator A2A5 is to demodulate and level control the major tones, minor tones, 
complemented minor tones, and ARC modulated 4 kHz subcarrier. Level control is 
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Figure 3*2. 4-1. Range Demodulator, Block Diagram. 
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accomplished using a coherent age technique based on the major range tone power, 
with gain adjustment performed prior to demodulation. This technique provides less 
range tone phase delay variation and eliminates signal suppression and *'he resultant 
s/n ratio deterioration. 

The receiver if signal is passed through a 3-dB pad to maintain a good 50-ohm imped- 
ance level and is then filtered by a 2-pole 10-MHz bandwidth filter to reduce noise 
energy. The signal then flows through a voltage controlled, solid-state attenuator. 

The attenuator uses pin diodes to minimize group delay over its control range. The 
control voltage comes from the range tone Pll and changes the attenuation over a 
minimum 21-dB rai ge. 

Sensitivity of the range tone detector is changed such th'it the demodulated range tone 
amplitude remains constant for modulation indices frem 0.2 radian to 1. 5 radians. A 
hi^h-level, double-balanced mixer is used as a phaa detector. The input level is 
made as high as lossible, but not high enough to cause gain compression, thus elimi- 
nating possible group delay variations under a high noise environment. 

The refer^ce signal to the detector is capable of being phase shifted to ensure maxi- 
mum sensitivity from the detector. The detector o'ltput is filtered in a 1-MHz low-pass 
filter to further reduce noise energy and is amplified to an output level of -52 dBm for 
the signal, and 0. 6 volt peak for the noise hi the noisiest environment. This output 
goes to the range tone processor. 

3. 2. 5 RATE AID SYNTHESIZER 

The Rate Aid Synthesizer develops signals which consist of a bias frequency plus an 
approximation of the major range tone doppler. See Figure 3. 2.5-1. The signals are 
developed by dividing the extracted carrier doppler by a number approximately equal to 
the ratio of the received carriei* frequency to the major range tone frequency. This op- 
eration is performed to partially cancel the frequency dynamics of the received major 
tones, thereby allowing the use of narrow band tone tracking filters with small lag 
errors due to doppler dynamics. The division is performed in a pair of digital fre- 
quency dividers programmable from front panel thumbwheel switches. The Rate Aid 
Synthesizer also provides a 500 kHz rate -aided signal for range simulation purposes 
and a fixed 1.6 MHz pilot tone to the Range Tone Processor. 

Two separate paths are used to develop the bias -plus -doppler for the range tone track- 
ing loops. The two separate paths (one for bias only, and one for bias-plus-doppler) 
are necessary because of the variable division factor. In this design the initial bias 
is cancelled at Mixer M2 and the new bias frequency is injected at Mixer Ml. The new 
bias frequency is independent of the criginal bias frequency and can be chosen arbi- 
trarily. A simrious analysis lead to the selection of 2. 17) MHz (2 1/6 MHz) as the bias 
frequency for the 500 kHz range tone doppler rate aid. This selection results in excel- 
lent spurious performance in the processor. Bias frequencies for the two lower major 
range tone frequencies are 1.7? MHz and 1.6S6 MHz which also result in excellent 
spurious performance for the 100 kHz and 20 kHz range tones. 
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Figure 3.2. 5-1. Rate Aid Synthesizer, Block Diagram. 

The pr(^rammable dividers in conjunction with the X4 multipliers following them allow 
setting of the doppler division ratij from 4400 to 4600 in steps of 1/2. Ibis provides 
400 selectable ratios corresponding to the 100 MHz received carrier timing range. 

Thus, the ratio can be selected to correspond to the closest 250 kHz carrier frequency 
and the maximum error will correspond to 125 kHz. The rate-aid signal will then 
reduce to range tone doppler :n the Range Tone Processor to a maximum of 0. 003 Hz. 

The Rate Aid S 3 mthesizer includes circuitry associated with the Test Simulator. In 
particular, the unit produces an output which is twice the synthesized 500 kHz range tone 
doppler with a bias frequency of 500 kHz. This output thus simulates the phase and 
frequency characteristics of 3 received 500 kHz range tone with doppler. This sig- 
nal is used by the Test Simulator for dynamic range simulation. 

Ttie Rate Aid Synthesizer circuitry is contained in the Low Frequency Processor 
drawer. 

3,2.6 RANGE TONE PROCESSOR 

The Range Tone Processor (Figure 3. 2. 6-1) performs signal processing of the 
received range modulation signal. This includes narrowband filtering of the major 
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range tone and coherent phase detection of the minor range tones and ARC. Addition- 
ally, this unit provides an AGC voltage to keep the deTiodulat3d majcr lunge trme level 
constant and changes the minor range tone integration time automatically, depenuing 
on the range tone signal -to-noise ratio. 

Narrowband filtering of the major range tone is achieved using a phase-locked loop 
(PLL) with rate-aid. The input rate-aid mixer decreases the doppler on the major 
range tone befo i the PLL, thus allowing Uie PLL to have a very narrow bandwidth 
without excessive lag. A third-order loop is used during tracking to minimize lag- 
errors to meet the required range accuracy under full cioppler dynamics. The rate- 
aid mixer following the PLL restores true doppler information to the major tone. (Sup- 
porting analysis for the major range tone prccess'ng is presented in Paragraph 4.3). 

The frequencies used for rate-aid injection have been selected to eliminate potential 
mixer products which could introduce phase error on the tracked tone. After the input 
mixer, the rate-aided tone is filtered by a crystal filter with approximately a 160 Hz 
noise bandwidth. This maintains the signal-to-noise ratio at the Phase Detector above 
-15 dB and thus insures good noise offset performance. Note tliat after input rate-aid 
mixing, die major tone utilizes the same circuit elements, w! .ether it is 500, 100, or 
20 kHz. This is a result of changing the rate-aid signal to produce a constant bias fre- 
quency (1.6 MHz) input signal to the PLL. Several components are maintained within 
a controlled temperature range to rediree phase drifts. For tracking t*'e major tones, 
the phase detector reference signal is of a double -sideband suppressed carrier nature 
The effect of using this signal as a reference is a reduction in the phase detector sen- 
sitivity. This is a minor effect and is compensated for by addei gain in the compensa- 
tion function of the major range tone PLL. The 500 kHz o-atput from the output rate- 
aid mixer drives the phase data multiplier, which decreases the increment size of the 
digital rangv data, and the DRTE which s}mthesizes the lower frequency range tones. 
Note that me 500 kHz output filter and axis crossing detector are in the feedforward 
path and thus do not contribute to phase drift errors. 

The phase of the 100 kHz and 20 kHz tones (when used as minor tones), and the phase of 
the complemented tones that are only minor tones (4 kHz, 800 Hz, 160 Hz, 40 Hz, 

10 Hz) are detected in a hi^-noise (-32 dB S/N) performance detector. Comparing 
the phases of the complemented tones yields the same information as comparing the 
phases of the tones themselves. The reference complemented tone is changed by mix- 
ing a 4 kHz reference with the minor t(me. The minor tone phase is changed during 
the digital phase-matching process which changes the phase of the reference comple- 
mented minor tone. The ARC is handled in the same manner as a minor tone. Phase 
shifters at 100 kHz and 20 kHz art, provided for initial ambiguity alignment. 

The minor tone phase detector outputs are routed to a front panel meter for manual 
phase matching and to an integrate-and-eompare circuit for automatic phase matching. 
The integrator time constant can be changed automatically, depending on the range 
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tone S/N. or manually with a front panel thumbwheel switoh. Automatic integration 
time selection is accomplished by detecting the amplitude of the noise and signal at the 
input to this unit and compaifng diat amplitude to reference voltages in comparators. 
The output of the integrator is compared to two reference voltages (V^ and Vg) to con- 
trol digital phase shifting. The I^TE shifts die synthesized tone in 72" increments for 
all but 40 Rz and 10 Hz. which are shifted in 90" increments. Note that phase match- 
ing is conqilete when a peak output from the comparison fdiase detector is reached. 

The integrate and compare for the ARC yields a correlatiw or noncorrelation signal 
utilizii^ one con^iarison voltage Vq. * 

The Major Range Tone PLL elements are sbovm in Figure 3. 2. 6-2. Except for the 
phase ^tectors, VCXO, and AGC circuits, this function is implemented digitally be- 
cause of its inherent fiexitaility udilch eases the acquisition problem, particularly at a 
S/e of +30 dB-H'^. A pilot tone (1. 6 MHz) is used tc keep the VCXO on frequency to 
minimize acquis tion time. When the PLL is switched from the pilot to the data 1. 6 
MHz, the VCO oifset "rmccmbers*’ the control voltage at which VCXO will remain at 
1.6 MHz and uses ft as a bias thereafter. 

Slew control is necessary to mmimiM* acquisition time and is accomplished by: 1) digi- 
tally phase shifting the feedback sigoal when the fdiase error is large; and 2) direc- 
tional analog slew voltage to drive the VCXO toward minimum phase error when the 
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Figure 3. 2. 6-2. Major Range Tone PLL Elements. 
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error is small. Logic to perform this function receives input informaticm from the 
loop phase detector and amplitide detector. 

Figure 3.2. 6-3 shows bat ic informatun flow in the PLL compoisation circuitry. Digi- 
tal techniques are employed to obtain 2nd and 3rd ord'Jr loop operation with near per- 
fect integrators. T-.e PLL compensation transfer functions for the two modes of 
operation are: 

2nd Order PLL 
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Figure 3. 2. 6-3. Major Range Tone PLL Compensation 
for 3rd Order Mode of Operation. 
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The resultant qpen loop functions are: 
2nd Order PLL 


3rd Order PLL 
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The loop constants were chosra to obtain a nominal 20% overshoot for a small step 
error of phase, corresponding to a damping factor of t = 0.707 for the 2nd order 
configuration. 

The values of G and u>g are set in accordance with desired PLL one-^sided noise band- 
width, BN^ (HZ), as follows: 

2nd Order PLL 

G = 2.66 BNj 

u) =1.33 BN, 
a 1 


3rd Order PLL 


G = 3.03 BNj 

w =0.449 BN, 
a 1 
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The range tone processor also contains the modulation index automatic gain control 
detector, feedback circuit, and comparator. Together with the range demodulator 
automatic gain control attenuator, the input voltage to the loop phase detector is beld 
constant to within 0. 6 dB for received major range tone indices from 0. 2 radians to 
1. 5 radians. The transfer function takes the general form of G(S) = 1/(ST K). The 

design is based on having a good S/N ratio ( % -•- 12 dB) in the automatic gain control 
loop bandwidth when operating vdth an index of 0 = 0. 2 randian and at a major range 
tone S/p of +10 dB - Hz. The automatic gain control noise bandwidth rapidly in- 
creases as the index increases since the pin diode attenuator is a logarithmic device 
and therefore increases the loop gain accordingly. At an index of 0. 2 radian the time 
constant (r) is approximately 40 seconds and the loop gain (K) is approximately 20 
resulting in a noise bandwidth (bn) of approximately 0.25 Hz. Because of this small 
bandwidth required to handle noisy low- index signals, the fastest acquisition mode 
(4 seconds) cannot be used with an index below 0. 5 radians. 


3.2.7 PHASE DATA MULTIPLIER (PDM) 

The function of this unit (Figure 3.2. 7-1) is to multiply the major range Ume phase 
information to allow digitizing the phase in 2000 increments corresponding to a{^roxi- 
mately 0. 15 meter. 

The 500 kHz froir ior range Ume PLL of the Range Tone Processor is mixed 

with a stable refei 480 kHz to produce a 20 kHz +50 signal which contains 

the range tone pha <. formation. A x2000 frequency multipUr ".t.on is then performed 
using a secemd-oraer tr. 'king loop with a bandwidth of 2 kHz. This bandwidth is made 
wide to allow reductljn of self-generated VCO noise via feedback and to insure that the 
PLL will lock-up in 2 seconds, should it become unlocked. Voltage limiting in the 
loop filter ensures that the VCO will remain on frequency in the absence of an input 
signal. The Q of the LC tank circuit in the VCO is made high to produce a stable 
carrier. The VCO output frequency contains the major range tone phase information, 
but multiplied 2000 times. 

To close the loop, a divider circuit divictes the VCO frequency by 2000 where it is used 
as the phase detector reference, and as the range counter reset. 

The circuits to implement this function are located in the Low Frequency Processor 
drawer. 
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Figure 3. 2. 7-1. Phase Data Multiplier, Block Diagram. 
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3.2.8 DIGITAL RANGE TONE EXTRACTOR (DRTE) 


The DRTE (Figure 3. 2.8-1) c<Hi8ist8 of a frequency-divider chain for synthesizing 
local range tones, a manual and automatic circuit for digitally phase-matching the 
synthesized t<xies to the received range tones, tone selecti(m and sequencing Ic^ic for 
manually and automatically selecting and sequencfaig the ton's for phase-matching, 
selectimi gates for imfdementing the ctmtr<d function and, integrator and dump control 
logic for manual and automatic selection of integrating (correlating) and dump control. 

The frequency divider chain (see Figure 3. 2. 8-2) is implemented similar to the 
Range Tone Generator divider chain. A 300 kHz square wave is digitally multiplied 
by 2 to prochice a 1 Mpps waveform. The 1 Mpps is repeatedly divided by five to 
produce 200 kpps, 40 kp{m, 8 kpps, 1.6 kpps and 320 pps. The 320 i^s is divided by 
four twtee to produce 80 pps and 20 pps. Each pulse irain from 1 S^pps to the 20 i^s 
is S 3 mchronousl} divided by two using the 1 Mpps as a clock to produce the following 
c<dierent output {qtiare waves: 500 kHz, 100 kHz, 20 kHz, 4 kHz, 800 Hz, 160 Hz, 

40 Hz, and 10 Hz. These local range tones are phase compared to the received range 
tones in the RTF and the error signal then used to ccmtrol the digital phase matching 
process. All frequencies are csq>able of being phase shifted with respect to the 500 kHz 
square wave in multiples of 72* except for the 40 Hz and 10 Hz which are in multiples 
of 90*. Utilizing the two groups of signals prefix by "D" and "C" (delete and count) in 
the block diagram, the phase shifting process is achieved by counting the "C" (^s 
signal at 10 times the frequency to be phase shifted (8 times the frequency for 40 and 
10 Hz) and deleting pairs of pulses (by utilizing the corresponding "D" pps lines) for 
each 72* phase shift (for 40 Hz and 10 Hz a 90* phase shift is achieved by deleting two 
pulses at 8 times the frequency to be phase shifted). 

The phase error signal in the Range Tone Processor is integrated and applied to a 
comparator to produce logic levels "A" and "B", for automatic phase matching of 
tones, and to logic level "C: for ARC correlation (see description under RTF). The 
logic levels are received bv the digital phase matching circuit for completing the 
phase matching process in a minimum number of steps; the logic used is given in 
Table 3. 2. 8-1. Phase match is always accomplished in, at most, three steps using 
this logic. In the block diagram the pulse delete logic performs the implementation 
of the logic table. The inputs HT signifies matching of 160 Hz to 100 kHz range tones 
and LT for the 10 Hz and 40 Hz tone. For the high tones phase shifts of 72*, 144* or 
216* can be implemented in a single comparison by deleting 1,2 or 3 pair of pulses at 
10 times the frequ^cy being matched. For the low tones (40 Hz and 10 Hz) phase 
shifts of 90* or 180* can be implemented by deleting 1 or 2 pairs of pulses at 8 times 
the frequency being matched. The pulse delete counter receives the phase shift 
commands and the count frequency input from the Pulse Delete Synchronizer and out- 
puts a pulse blanking signal synchronized to the pps count frequency. This blanking 
pulse is steered via the selection gates to the proper blanking input of the Frequency 
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Figure 3. 2.8-2. Frequency Divider Chain, Block Dis^am 


Divider Chain. The pulse deletion technique for phase shifting delays the next transi- 
tion of the waveform being phase shifted as shown in Figure 3. 2.8-3. 

The tone selection and sequencer logic receives inputs from the Control Panel, for 
manual selection of the minor tones and the ARC. Signals are also received from the 
Interface/Control Logic, for selection of the major range tones, and from the pulse 
delete logic for sequencing the tone for phase matching in the automatic mode. 

The integrate and dump contro.' provides the RTP with integrate and dump timing 
gates together with switch closure logic to implement the automatic integrator and 
dump function in the RTP. Time optimization is achieved by utilizing signals from 
the frequency-divider chain. 

3.2.9 LOC A L ARC G ENERATOR 

The pseudo-random code produced by the Local ARC Generator is the same code pro- 
duced by the Transmit ARC Generator. 
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Table 3. 2.8-1. Digital Range Tone Extractor Pulse Delete Logic 
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Figure 3. 2. 8>3. Pulse Deletion Technique Waveforms 


As shovm in Figure 3. 2. 9-1 an ARC reset sigual from the DRTE sets the generator to the 
all I's state. If the local ARC start signal from the Transmit ARC Generator has been 
set, the next leading edge of the 10 Hz square wave from the DRTE enables the 160 Hz 
clock (also from the DRTE) to the 10-stage shift-register generator. The Q7 and QIO 
outputs of the shift register are exclusively ORed to produce a 1023-bit pseudo-random 
code for feedback to the shift register serial input and for input to the Range Tone 
Processor (via the DRTE tone control) where it is compared for correlation with the 
received code. If correlation between the received code and the Local ARC Generator 
code is not detected, it is desired to retard the local ARC by 16 bits or l/lO second 
in range and test again for correlation. A shift command (which can be produced 
manually or automatically from the DRTE with proper sequencing) advances the 
pseudo-random code 1007 bits which is equivalent to retarding the generator 16 bits. 

The shift clock is 500 kHz (from the ESITE) and does not disturb the basic synchroni- 
zation between the received code and the Local ARC Generator, Using this technique, 
the shift can be accomplished much more rapidly, thus reducing acquisition time. 

The all I's detector circuit provides an output pulse to the Range Counter each time 
the code cycles through this reference condition. 
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Figure 3. 2. 9-1. Local ARC Generator, Block Diagram 


As indicated in Figure 3. 2. 9-1, the local code position may be preset using front 
pane^ thumbwheel switches. 

The Local ARC Generator circuitry is located in the Digital Processor drawer. 

3.2.10 RANGE COUNTER 

The Range Cou.nter (Figure 3.2.10-1) uses signals from the Phose Data Multiplier 
(fine data), from the Digital Range Tone Extractor (intermediate data), and from 
the Transmit and Local ARC Generators (coarse data). The fine, intermediate, and 
coarse range data ai e combined to provide a single binary number representing 
unambiguous range. The number is in units of nanoseconds corresponding to an in- 
crement size of approximately 0.15 meter. It has a maximum value of about 4.29 
seconds (limited by 32 bit word) corresponding to an unambiguous r;mge of approxi- 
mately 644,000 kilometers. This binary number is provided as the range data output 
to the Tracking Data Formatter and is also converted for display. 

Fine range is obtained by counting the 40 MHz signal from the Phase Data Multiplier 
(PDM). The fine data counter (Figure 3.2.10-2) is reset at 20 kHz (also from the PDM). 
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BMgure 3, 2. 10-1. Range Counter, Block Diagram 
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Figure 3.2.10-2. Fine Data Logic, Block Diagram 

The counter 40 MHz clock is inhibited on the leading edge of the 10 Hz read signal 
from the Range Tone Generator (RTG). The 10 Hz read signal also starts the control 
pulse generator (Figure 3. 2. 10-1) sequence which begins with the initial load pulse. 

The output of the fine data counter is transferr i to the fine data register by the ini- 
tial load pulse and then combined with the coarse, intermediate, and zero-set numbers. 
The fine data counter has a range of 0-1999 with a resolution of 1 nsec. The number 
r^resents phase between the transmitted and received major range tone and is am- 
biguous In 2000 nsec increments. Since the 500 kHz RTF signal and the 20 kHz PDM 
signal are not guaranteed to have leading edge synchronism, data must be added to the 
FD counter causing a "spillout" on a 500 kHz transistion. 

Intermediate range is obtained by counting the 500 kHz from the DRTE with the value 
of each count being 2000 nsec. This is accomplished by adding a value of 2000 into an 
accumulator (Figure 3.2.10-3) for each 500 kHz leading edge. The accumulator is 
reset by the 10 Hz leading edge from the DRTE. The output of the accumulator is 
transferred to the intei ..ediate data register by the initial load pulse. To prevent 
this transfer from occurring w'hile the accumulator is being updated, the initial load 
pulse is inhibited 200 nsec around the leading edge of the 500 kHz from the DRTE. 

This condition is Indicated by the 500 kHz transition indicator. In the case where the 
10 Hz read signal (from the RTG) occurs within 200 nsec before the leading edge of the 
500 kHz the initial load pulse will occur after the leading edge of the 500 kHz, there- 
fore causing a range error of +2000 nsec. The ID correction logic detects this case 
and automatically subtracts 2000 from the intermediate data as it is combined with the 
coarse, fine and zero-set numbers. 

The intermediate range value varies from zero to 99,998,000 nsec with a resolution 
of 2000 nsec and an ambiguity interval of 0. 1 second. Therefore, the combined fine 
and intermediate numbers can range from zero to 99,999,999 nsec. Since both the 
fine and intermediate counts are reset (or started) b> signals synchronized with the 
received major range tone and arc read by a signal (10 Hz read) synchronized with 
the transmitted major range tone their combined value must be subtracted from o. 1 
second to obtain the delay (ambiguous in 0. 1 second increments) in the rccei\c*d 
10 Hz minor range tone. 
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Figure 3.2.10-3. Intermediate Data LogiCt Block Diagram 


The range zero-set number is transferred from front panel thumbwheel switches into 
the zero-set data register (Figure 3.2. 10-4). It is then combined with the dynamic 
range data so that the output data is properly calibrated. The zero-set value can 
range from zero to 999,999 nsec in 1 nsec increments. 


Coarse range is obtained initially by counting the shifts required to match the Local 
ARC Generator output with the received ARC signal during acquisition. The value 
of each count is 10® nsec; see Figure 3.2.10-5. After ambiguities have been resolved 
during ARC acquisition, the coarse range is updated as a fiuiction of the intermediate 
range value. After the intermediate data is corrected (if necessary) following the 
read signal, the two most significant bits (MSB's) of the Intermediate range number 
are compared with the MSB’s from the previous sample and the coarse range accumu- 
lator is updated according to the following logic; 


MSB's Ca t-1 
11 
00 


M SB's (d, t 
00 
11 


Update 
Subtract 10® 
Add 10® 


ANY OTHER COMBINATION No change 
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Figure 3. 2. 10-4. Zero-Set Data Logic, Block Diagram 
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Figure 3.2. 10-5. Coarse Data Logic, Block Diagram 

The updated coarse range data is then combined with the line, intermediate luid 
zero-set combination and stored in the output register. The updated coarse range 
is also loaded into the coarse data accumulator. The output register holds the 32-blt 
binary range word which can range from zero to 4,294,967,295 nsec (roughly 4.29 
sec). 

Thie coarse range is also computed in the Ambiguity Error Alarm logic (Figure 
3.2. 10-6). The 8-slage UP/DN counter is incremented and updated in the same 
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Figure 3. 2.10-6. Ambiguity Error Alarm Logic Diagram 


manner as the coarse data accumulator. Its resolution, however, is 0. 1 second. The 
12-stagc‘ counter counts at 160 Hz (from the EfflTE) starting at zero on the Transmit 
APC reference pulse and stopping on the Local ARC reference pulse. When the 2 
counter outputs are compared for error, only the 8 most significant bits from the 
160 Hz counter are compared thus dividing the count by 16 and giving it a resolution 
of 0.1 second to compare with the 8-stage UP/ON counter resolution. If an error is 
detected an ambiguity error alarm signal is sent to the front panel. The outputs are 
compared for error after every local ARC reference pulse. 

The display of range is in units oi nanoseconds. The binary number in the output 
register is transferred to the Parallel In/Serial Out Logic (see Figure 3.2. 10-7) 
where it is stored until the convert clock (from the display) trai.»fers it out, MSB 
first, to the display where it is converted to BCD for display. The display is updated 
once every 0.4 seconds. 
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Figure 3. 2. 10-7. Parallel In/S«rlal Out Logic 




3. 2. 11 SIMULATION RANGE SIGNAL GENERATOR (RSG) 


The Simulation Range Signal Generator provide a cs^ability for static or dynamic 
range simulation. For static range simulation, die transmitted ranging signal 
(modulation) is delayed by any preselected value over the entire unambiguous range 
capability of the system. The selectable delay incremait size is 1 nanosecond, or 
nominally 0. 15 meter of one-way range. Thus, any range may be simulated to a res- 
olidion equal to die range measurement system resolution. For dynamic range simu- 
lation, the transmitted ranging signal contains a simulated doppler conqionent which is 
in exact prc^ortion to simulated carrier dialer. Tbus, the output range data is 
(fynamic and "tracks” with the carrier dt^pler data. 

Hie Simulation Range Signal G^erator and its relation to the normal Range Signal 
Generator is illustrated in Figure 3. 2.11 -1. The Simulati<m RSG contains a range 
tone generator and transmit ARC generator which are very similar to those used in 
the normal mod<. of operation. In addition, it contains preset counters, synchronous 
dividers, a mixer, and a filter to implement the selectable delay. 

3. 2.11.1 STATIC RANGE SIMULATION — For static range simulation, the output 
tones and ARC are time delayed relative to the normal tones and ARC in accordance 
with the programmable counter selections. The prc^rammed delay is maintained 
relative to the normal modulation by synchronizing to the 10 pps "on-time" pulse train 
from the normal RTG. 



Figure 3.2. 11-1. Relationship of Simulation and Normal Range Signal Generators, 

Block Diagram 
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The H-counter is programmable from 0 to 19, and delays the range modulation output 
from 0 to 19 nanoseconds in one nanosecond increments. The 1 nanosecond re ulution 
is achieved by the offset-mixer which scales the delay increment from 25 to 1 < ano- 
seconds. I'hus, the H-counter can delay the phase of the 500 kHz in 19 increi. .nts 
of 1 nanosecond each. 

The J-counter is programmable from 0 to 49 and delays the rajige modulation output 
in 20 nanosecond intervals from 0 to 980 nanoseconds. Thus, the H and J counters 
combined delay the modulation output in 1 nanosecond Increments from o to 999 nano- 
seconds. 

The K-counter is programmable from 0 to 99,999 and delays the range modulation 
output in 1 psec intervals. The H, J , and K counters combined delay the modulation 
output in 1 nanosecond increments from 0 to 0.099,999,999 seconds. The L-counter 
is programmable from 0 to 62 and delays the ARC output from 0 to 6.2 seconds in 
0. 1 second increments. The delay is relative to the normal Transmit ARC Generator 
code output and is synchronized by a reset signal from the normal ARC generator. 

The total combined delay from the H, J, K, and L counters delay the modulation out- 
put in 1 nanosecond increments from C to 6.299,999,999 seconds. Encoding of the 
preset counters is achieved by manually inserting the desired delay into 10 thumb- 
wheel switches located on the front panel. 

The synchronizer circuit for the Range Simulator receives the 10 Hz reference from 
the normal RTG and the preset insert pulse, activated manually from the front panel. 
The synchronizer outputs a preset load pulse and a count enable signal synchronized 
to preload and which then start the counters coherent with the 10 Hz reference. At the 
first 10 Hz, the divide-by-20 that produces the 2 MHz is enabled to ensure a stable 50 
MHz on the second 10 Hz received. At this time 20 nanosecond delays are produced 
by deleting 50 MHz pulses from the J preset input. The K and L counters delete puls- 
es sequentially after the completion of the 50 MHz deletions. Since the 50-MHz is 
phase shifted by the 40-MHz in 1 nanosecond increments (after the third 10-Hz) delet- 
ing the 50-MHz first ensures that simchronizing the 50-MHz with respect to the 10-Hz 
does not produce a variable delay in the range of ± lo nanoseconds. 

The Simulation Range Tone Generator (Figure 3.2. 11-2) uses the same divider chain 
employed in the normal RTG. Phase coherency is produced at the preset count in the 
combined H, J, and K counters after the 10 Hz reference. 

For producing ambiguiti?s in the 10 Hz range tone, the Simulation ARC Generator 
produces a pseudo-random code the same as the Transmit .\RC and the Local .\RC. 
The 160 Hz clock is obtained from the Simulation RTG. As shown in Figure 3. 2. 11-3, 
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Figure 3.2. 11-2. Simulation Range Tone Generator, Block Diagram 
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Figure 3.2. 11-3. Simulation ARC Generator, Block Diagram 

an all I's detector isn't used here since the Simulation ARC Generator is only used to 
produce a delayed ARC bit stream which is switched to the Modulation Combiner in 
place of the Transmit ARC output during simulation. 

The 10-stage shift register is preset by the Simulation ARC Reset signal (from the 
L Counter) which is delayed by a multiple of l/lO second from the normal ARC Reset. 
The next leading edge of the 10 Hz square wave from the Simulation RTG enables the 
160 Hz shift register clock. 

The LC bandpass filter at 50 MHz reduces the major undesired signal, the lower side- 
band at 46 MHz, to 15 dB below the 50 MHz signal by virtue of being a 2-pole design 
with a Q of 16. The expected phase drift with temperature variation is reduced by the 
follow ing 100 circuit so that at 500 kHz, the phase drift is very small. 

3.2.11.2 DYN.^MIC RANGE SIMULATION" For dynamic range simulation, the 
modulation signal from the Simulation RSG is provided with a doppler component which 
is in the exact proportion to simulated carrier doppler. The doppler is introduced by 
driving the Simulation RTG with a 1 MHz + 2 x 500 kHz doppler signal specially de- 
rived in the Rate Aid Synthesizer (see 3.2.5). In the case of dynamic range simv..a- 
tion, the H and J counters have no effect on the output since they affect only the 1 ..IHz 
static signal which is not used. However, the K and L counters do operate and set the 
initial phase of the 100 kHz and lower frequency ranging signals. 

3.2.12 TEST MODULATOR 

This unit provides the proper ranging spectrum for testing the Ranging Equipment. 

The phase modulation is performed at 22 MHz, derived from a phase shiftable 11 MHz. 
source. See Figure 3.2.12-1. The phase shifter is necessary because the 110 MHz 
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Figure 3.2.12-1. Test Modulator, Block Diagram 

output must be at the same phase as the receiveo K MHz signal to achieve the same 
output level from the Range Demodulator phase detector. The output of the modulator 
is multiplied by 5 to develop the 110 MHz ou4>ut. This multiplication allows a lower 
index at the modulator and thus good linearity. The ou^ut level is increased via a 
variable gain amplifier to keep the major range tone at a constant level, (i.e. , what 
the MFR does by means of AGC) with or without a minor tone applied. 

3.2.13 DOPPLER EXTRACTOR 

The Doppler Extractor combines signals from the MFR, Hie Exciter, and the Fixed 
Frequency Synthesizer to produce an output consisting of a 70 MHz fixed bias fre- 
quency plus the two-way carrier dopplcr frequency, as shown in Figure 3.2. 13-1. 

The doppler data is contained in the MFR VCXO and Frequency Synthesizer frequencies 
while the actual operating frequency is contained in the Exciter Reference frequency. 

The most critical filtering is within the p multiplier circuitry. As in the case of the 
55 MHz reference from the Fixed Frequency Synthesizer, all spurious which would 
fall within the 60 kHz tracking bandw’idth of the doppler multiplier must be suppressed 
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Figure 3.2. 13-1. Doppler Extractor, Block Diagram 

by greater than 65 dB at the input of the x32 multiplier. An analysis shows, that the 
worst-case filtering is required following the mixing of 0.58 MHz ±13 kHz (F^^) with 
4.98 MHz ±111 kHz (Fj|.) to obtain 5.56 MHz ±124 kHz. To suppress Fj^ to the re- 
quired level two cascaded 3-pole filters are required following the mixer. All other 
filtering is accomplished by lower order filters. 

The frequency division required for the signals from the MFR Synthesizer and the 
exciter reference is accomplished through the use of ECL high-speed digital logic. 

This logic series has an additional advantage of being able to directly drive low im- 
pedance loads and transmission lines. 

The >'32 multiplier is configured utilizing conventional multiplying techniques. The 
first two stages consist of active double balanced modulators with their inputs capaci- 
tively coupled. When wired in this manner the output is the second harmonic of the 
input. A hot carrier diode quadrupler followed by a hot carrier diode doubler com- 
pletes the multiplication chain. 

The veXO select logic is designed to switch to the MFR VCXO with the highest AGC 
level provided that the corresponding VCXO is locked. Selection evali '»tion occurs 
only upon a change in MFR lock status. A manual override feature is also incorporated. 
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The circuitry of the Doppler Elxtractor is located in the Hi^ Frequency Processor 
Drawer. 

3.2.14 DOPPLER MULTIPLIER 

The function of this unit is to multiply the carrier doppler information by 250 to con- 
tribute to data digitizing in increments of l/lOOO cycle, as shown in Figur<- 3.2. 14-1. 

The bias (70 MHz) plus doppler is mixed with a stable reference signal at t,9 MHz to 
lower the bias frequeucv to 1. 0 MHz. Frequency multiplication by a factor of 250 is 
then performed using a phase-locked loop (PLL). The PLL low'-pass filter is de- 
signed to yield a second-order tracking loop with a tracking bandwidth of approxi- 
mately 60 kHz. This bandwidth is made wide to reduce self-generated VCO noise 
via feedback and to insure good acquisition and Doppler rate tracking performance. 

In the absence of an input signal the VCO offset voltrge is small enough to ensure the 
VCO frequency will be within the lock-up range of the loop. 

The VCO is an octave range, VHF transistor, varicap tuned oscillator. Because of 
the octave range tuning of the oscillator, the phase noise is contained in a relatively 
wide bandwidth; but with the wide tracking loop bandwidth (60 kHz), the VCO noise is 
greatly reduced so that the loop output signal is sufficiently stable. Due to the nonlin- 
ear nature of this VCO, the bandwidth varies over the operating range from approxi- 
mately 110 kHz to 35 kHz. It also puts out approximately 4 dB more power at the 
high frequency end and results in causing resetting at the high end whenever the loop 
becomes unlocked. This action necessitates a RESET whenever a new input frequency 
is likely to be acquired. This RESET makes a one-time sweep through the VCO con- 
trol range. 
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To close the loop, a divider circuit divides the VCO frequency by 250: the output is 
then used as the reference for the phase detector. The first two stages of the divider 
utilize ECL UHF flip-flops. 

The VCO output is then mixed with a IKO MHz reference signal to reduce th bias 
frequency to 60 MHz where it can be more readily counted. Two outputs are furnished 
to the doppler counter 90° apart to facilitate digital multiplication of x4 thus accom- 
plishing data incrementation in l/lOOO of a cycle. As in the Doppler Extractor all 
fixed-tuned filtering is made relatively broadband to minimize phase shuts due to 
frequency change. This is essential to reduce error in the output doppicu* count. 

The circuits to implement the Doppler Multiplier are located in the High Frequency 
Processor drawer. 

3. 2. 15 DOPPLER COUNTER 

The Doppler Counter (Figure 3,2.15-1) accepts the output of the Doppler Multiplier 
which varies from 2.5 MHz to 117.5 MHz as a function of carrier doppler varying 
from -230 kHz to +230 kHz. There are two outputs. First is a 42 bit binary output 
that is provided to the Tracking Data Formatter (TDF) at a 10 per second rate: this 
binary number is an accumulation of the bias-plus-doppler count since an initial 
start time and, at maximum doppler, overflows in about 156 minutes. The second 
catput is to a decimal display and is an accumulation of the doppler count for a 0. 1 
second sampling interval. 

To achieve a resolution of 10"^ cycles with a strai^tforward counting technique 
would require counting at a frequency in excess of 460 MHz, (for maximum positive 
doppler) and either reading the counter "on the fly" or switching counters. To avoid 
this state-of-the-art risk a lower frequency fj^ (117.5 MHz max) is input in quadrature 
with phases designated as fipQ and fingn- The phase is counted directly and pro- 
vides the coarse resolution (4 parts in 10“^ cycles). Both phases fj^Q and fingg are 
compared at the time of the 10 pps read pulse to yield the required 1 part in 10“3 
cycles resolution. 

The frequency fj^^ is given by 

f.^^ = 250 (240 kHz + fd) = ~ (-^40 kHz + f^) 


where 

240 kHz = bias frequency 

fjj = Doppler frequency j^-2.30 kHz s fd ^ -39 kHzJ 

The maximum counting fretiuency fjnQ is 117.5 MHz corresponding to a doppler fre- 
quency of -^230 kHz. The LSB of the counter has a binary weight of 2^ and effectively 
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Figure 3.2. 15-1. Doppler Counter, Block Diagram 

























multiplies fmo Binary weights of 2^ and 2^ are determined from the phase 

comparison circuit at read time and added to the value in the counter. The addition 
does not create a carry and is achieved by tagging the 2 bits of the phase comparison 
as the LSB's of the overall count and transferring these two bits and the count *n the 
counter to a holding register at the time of the read pulse. Each sample period in- 
creases the value of the holding resistor by 103 (240 kHz + f(j). The resolution is 
1 part in 10"3, 

Referriiig to the block diagram, the control logic circuit in the low speed logic sec- 
tion operates to transfer the doppler count of the previous read pulse to register (t-1) 
and the doppior count of the present read pulse to register (t). The input to register 
(t) is also transferred in parallel to the Tracking Data Formatter tran«'fer logic for 
input to the TDF. This data is the sum of all previous counts since the initial start 
time. The new cumulative count is available at the formatter no later than 2 micro- 
seconds after occurrence of the 10 pps on-time sample pulse. 

Although this slight delay exists in getting the data to the TDF and ready for readout, 
it is emphasized that the data was "dumped*' (sampled) precisely (within 25 nanoseconds) 
on time and thus corresponds to the true doppler count (within a fraction of a count) at 
the precise time of the 10 pps sample pulse. 

For display purposes only, the display and difference logic takes the difference of the 
accumulat ,1 reading (t) - (t-1) and subtracts the bias frequency (240 kHz x 10^) from 
this difference. Thus, if the input is 117.5 MHz for l/lO second corresponding to a 
doppler of 230 MHz, the coimt in the counter Is 4 x 11.75 x 10^ =47,000,000: subtract 
0. 1 X 240 X 10® = 230,000. 00. If the input corresponds to minimum doppler of -230 
kHz the count is 4 x 0. 25 x 10® = 1,000,000; subtract 0.1 x 240 x 10® = -230,000.00. 

At this point, the number is still In binary form. The control logic provides shift 
pulses to transfer the data to the serial-binary to parallel-BCD converter for decimal 
display. The BCD converter control logic accepts new data and updates the display 
only once per second. 

At a maximum input frequency of doppler-plus-bias of 117.5 MHz (a period of 8.51 
nsec) device delay times of a few nanoseconds become significant. The critical de- 
sign problem is to construct the counter such that at read time the count can be ex- 
tracted without stopping the counter and without upsetting the accumulating count. 

In short, the count difference t - (t-1) between any two read pulses must be accurate 
to ±1 count. 

The counting unit (Figure 3.2. 1.5-2*) is divided into four parts: 

1. A four-stage high-speed synchronous counter generating intermediate 
resolution 

*For convenience bound as Appendix A. 
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2 . A 36 binary bit synchronous counter accumulatit^ carrier (coarse data) irom 
the high speed counter 

3. A phase comparison circuit generating fine count data 

4. A read pulse synchronizing circuit to transfer the count at read time to the 
holding register after the counter outputs have settled 

The four-bit synchronous counter utilizes MECL 10231 "D" flip-flops and 10105 gates 
having propagation delays of 3.3 nsec. Thus, the maximum counting speed is about 
10^/6 . 6 =150 MHz. This is sufficiently above the required 117.5 MHz to guarantee 
reliable operation. The carry generation is started at counter state 1110 (see wave- 
form diagram Figure 3.2. 15-3). The carry gate is enabled 3.3 nsec after counter 
state 1111 and is ANDed with state 1111 clock (negative logic). The positive- going 
edge of the carry gate clocks the coarse counter stages advancing the count 1 bit 
(weight of 26 ). carry is generated every 136. 16 rsec. Set-up time for the 
MECL 10231 flip flop is 1 nsec and is below the maximum counter set-up time of 

I. 91 nsec. The coarse counter consists of 9 stages of a MECL 10136 synchronous 
hexadecimal counter. The carry out of one stage is input to the succeeding stage and 
overrides the common clock (carry output of the four-bit coimter) thus allowing de- 
vices to be cascaded to provide a ftilly synchronous counter. Propagation delay from 
clock input to data out is 5 nsec, worst case, and from clock input to carry out is 

II. 5 nsec worst case, thus for 9 stages a worst-case propagation delay of 103. L .sec 
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Figure 3.2. 15-3. High Speed Counter Waveforms 
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exists from the clock until the last carry out has settled. The carry c!ock input has 
a repetition period of over 136 nsec which Is well in excess of the propagation '■icLiy. 

The phase comparison circuit consists of two MECL 10231 "D" flip-flops commonly 
clocked by the positive-going edge of the read pulse. Each flip-flop has one phase 
of the clock as the D Inputs as shown In Figure 3.2.15-«.. When the flip-flops are 
clocked by the read pulse the clock phases are transferrred ‘■o the output and held un- 
til the transfer pulse transfers the data to the holding register. Each positi\e going 
edge of CLKq advances the four stage counter 1 bit (weight of 2^). Referring to 
Figure 3.2.15-4, the quadrature relationship has four states: 0, 1, 2, and 3 
(overall count weights of 2® and 2l). The state at read time is 'latched*, decoded and 
appears at the input to the transfer register in binary for subsequent addition to the 
overall count. 

The read pulse synchronJzer circuit implements transferring the counter count ; the 
holding register on the : ' d: positive read edge. This insures transferring data while 
it is stable and not going through a transition. To satisfy the above condition, the 
read pulse synchronizer must clock the holding register within 3.3 nsec (worse case) 
of the positive going edge of CLKq (p e Figure 3. 2. 15-3). Thus, the prqpagation 
delay of the device must be less than J. 3 nsec. The flip-flop used in this application 
is a MECL III MC1690 having a propagation delay of 1.5 nsec. The cross-coupled 
gate serves to release the counter reset at the first read pulse after an Initial reset 
has been activated from the front panel. 
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Figure 3.2. 15-4. Phase Comparator Waveforms 
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3.2.16 DOPPLER SIMULATOR 


The Doppler Simulator (Figure 3.2. 16-1) provides test signals to exercise the 
Doppler Data Extractor over simulated doppler excursions of -230 kHz to+230kHz 
in iricrements of 0.001 Hz. 

The slmulat'^r operates in either the normal mode or one of two simulation modes: 
B>i>ass Simulate and Normal Simulate. The dqppler simulation capability is exactly 
the same for both simulation modes. 

In the normal mode, the MFR VCXO, the MFR Synthesizer and the Elxciter reference 
(F^/32) are provided to the Doppler Extractor from the Doppler Simulator while a 
55 MHz reference is also provided from the Fixed Frequency Synthesizer. 

For the bypass simulation mode, die Doppler Simulator provides substitute signals 
generated withir the Fixed Frequency Synthesizer for the MFR VCO, the MFR 
Synthesizer, and the Exciter reference signal (f^/32). These signals provide the 
capability of exercising the entire Doppler Data Extractor. The substitute MFR VCO 
is provided by a variable frequency synthesizer which provides a ±0.230 MHz fre- 
quency variation in 0.001 Hz steps to simulate the maximum doppler. 
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V 
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^ cxtractcp 
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^ FR0« EXCITER 

^ FROM FIXED FRloSVRTMEStrE'i 



. p IHPUT 






VOCES 1 HORMAl 
(SR^ITCM i BYPASS SIMU LA*'' 
PCS) 3 formal S.VULATk 


Figure 3.2. Doppler Synthesizer. Block Diagram 
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The synthesizer is a Rockland Model 3100 modified by removing all controls and 
monitors from the fiont panel with the exception of ti.e POWER ON /OFF switch and 
a 1 volt P/P signal monitor jack. As can be verified by the signal coherence 
diagram Figure 3.2. 16-2A, this test mode maintains full system coherence and there- 
by provides completely controlled doppler simulation with a predictable doppler data 
output. 

In tlie normal simulate mode, the Doppler Data Extractor is exercised while connected 
to and using the input signals from the MFR and the Exciter. This is accomplished by 
using the MFR synthesizer and Exciter reference signals as in the normal mode while 
modifying the MFR VCO signal by adaing simulated doppler. As in the other mode this 
simulation mode also exercises the Doppler Data Extractor over a range ctf 0 to ±230 
kHz in 0.001 Hz steps while maintaining ^stem coherence. Sig^l flow and coherence 
in this mode is shown in the signal coherence diagram Figure 3. 2. 16-2B. 

The implementation of the Doppler Simulator is shown in Figure 3.2.16-1. Inputs 
are from the MFR, Exciter, Fixed Frequency Synthesizer and the Dc^pler frequency 
Synthesizer. All remaining signals are generated using con\ entional mixing and 
filtering techniques. In generating the transmit reference simulation signal (64-11/24 
MHz), sidebands at 40 kHz, where encountered, result in a 70 MHz doppler signal into 
the doppler multiplier with the 40 kHz sideband down»35 dB. This results in a dopp- 
ler count jitter of (»unts rms. 

The circuitry comprising the Doppler Simulator is housed in the High Frequency 
Processor Drawer. The Doppler Synthesizer is a separate self-contained chrssis. 




A. BYPASS Simulau 



3 - 4 » 
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Figure 3.2. 1?-1. Fixed Frequency Synthesizer, Block DtELgram 












3.2. 17 FIXED FREQUENCY SYNTHESIZER 


Fixed frequency reference signals for use throughout the Ranging Equipment are 
generated in the Fixed Frequency Synthesizer. All the fixed frequencies are generated 
from two references; a 5 MHz reference from the frequency standard in the Station 
Timing System, and a 400 kHz reference from the Modulation Combiner. As shown 
in Figure 3.2. 17-1, the frequencies are synthesized using conventional mixing, multi- 
plication, division, and filtering techniques; for clarity the amplification and filtering 
stages have not been shown. 

An analysis of the phase noise requirements in the Doppler Multiplier phase locked 
loop indicates that all reference frequencies generated for use in the Doppler Ex- 
tractor with the exception of the 170.6 MHz reference must have a minimum of 65 dB 
suf^ression the spurious signals which fall within the GO kHz tracking bandwidth. 
This somewhat ^riiingent requirement is due to the > 32 (+30 dB) multiplication of the 
fixed reference 1 equencies within the Doppler Extractor. Siiwe the 170.6 MHz ref- 
erence is divideu by eight prior to its multiplication, an improvement of approximately 
20 dB in its phase noise will be obtained. The spurious suppression requirement for 
this reference is therefore 45 dB. All other fixed frequencies generated within the 
Fixed Frequency Synthesizer are i^Xiired to have all spurious signals suppressed 
by greater than 35 dB. 

3.2.18 INTERFACE/CONTROL LCXllC 

The hiterface/Control Logic (Figure 3.2. 18-1) interfaces the Ranging Equipment 
with a computer and a Tracking Data Formatter. The computer can monitor the RE 
by examining the contact closures applied to the computer. When the local/computer 
control (from the front panel) is in the computer position the computer can directly 
control the RE with TTL compatible logic levels applied to the computer control 
inputs. Range and doppler data with RE status lines are supplied to the TDF as TTL 
logic levels; see Figure 3.2.18-2. Where multiple parallel data lines are used, a 
common ground connection will be used. 

3.2.19 AC /DC POWER 

A single breaker mounted on the AC POWER panel controls application of the 60 Hz, 
single-phase 115 Vac power to the Ranging Equipment. Whenever power is applied, 
a green incandescent ON indicator is illuminated and an elapsed time meter energized. 

The elapsed time meter provides a total registration of 9999.9 hours. Two ac line 
filters re mounted at the rear of the chassis to reduce radio freciuency emanations 
from the Ranging Equipment. 
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to/from COHPUTER via INTf RFACE PAREl 



Figure 2 . 1h-1 . 


Inlerface/Control Logic, Block Diagram 
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The dc power supplies are all mounted within two power supply drawers mounted in 
the ranging equipment cabinet. A selector switch is provided on the front panel with 
a meter so that the voltage from each supply can be individually monitored. Adjustment 
of each voltage is provided by a rcrewdriver potentiom ter acce.'sible or each supply 
module inside the drawer. 

The following suiq>ly voltages are provided: 


VOLTAGE 

(volt) 

USE 

+15.0 

Analog circuitry 

-15.0 

Analog circuitry 

-5.2 

ECL Digital Logic 

+ 5.0 

” TL Digital Logic 

+ 24.0 

Analog circuitry 

+ 24.0 

Lamp and relay supply 



Figure 3.2.18-2. Basic Interface Logic 

All of the dc supplies are current limited, short circuit proof and have regulation 
better than 0. T7 from no-load to full-lo.ad with a constant ac line voltag..^. The dc 
power supply system has been designed to operate so that less than 80' of the rated 
current of each supply is required under normal operating conditions. 


.3 -53/3 -.54 



4. SUPPORTING ANALYSES 


4.1 DOPPLER SYSTEM FREQUENCY COHERENCE 


Figure 4. 1-1* is a flow diagn:tim showing the frequency relatitMiships of the dcppler 
system throu^ the output of the Doppler Extractor. (C oherence within the Ranging 
Equipment was shown i*-. Paragraph 2.2.2.) 

The transmitted frequency fj is shifted to Kf-p on the uplink, mult4>Hed by "p" in the 
transponder to Kpf.j. and retransmitted to the receiver. The downlink signal is shifted 
to KK*pfcj, at the receiver. The signal frequency proc«.ssing within the system is de- 
flned by equations at various points in the system. 

The output signal of the extractor is a bias-plus-dq)pler sigrml represented by: 

(KIC-I) pf^ + 70 = ^ + f^ 


Where: 

^ = 70 MHz, bias frequency 

f^ = (KK’-l) pf^, dcqjpler on returned carrier 

p = 240/221, transponder tum-around frequenc 3 ' rat 
f^ = Groimd transmitter carrier frequency (MHz) 


4.2 MAJOR RANGE TONE PROCESSING COHERENCE 

The Range Tone Processor uses a "rate-aid" signal to track the received major range 
tone with a narrowband phase lock loop. 

The coherence relationships, for the Rate Aid Synthesizer, between the doppler input 
signal and the synthesizet! output signals are shown in Figure 4.2-1. (A 70 MHz sys- 
tem reference signal and a signal used to obtain a dynamic range simulation are also 
shown.) 

The coherence relationships for tracking of the 500 kHz. 100 kHz or 20 kHz tones as 
the major range tone are shown in Figures 4.2-2 throu^ 4.2-4. 


*For convenience bound in Ajipcndix A. 
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PT049B 


Figure 4,2-3. 100 kHz Major Tone Processing Coherence 



PT0608 

Figure 4,2-4. 20 kHz Major Range Tone Processing Coherence 
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4.3 MAJOR RANGE TONE PLL 


4.3.1 REQUIREMENTS 

System performance requirements which dictate design parameters of tiic major range 
tone PLL are imposed by signal dynamics, random noise error allocation, and time 
allowed for track acquisition and settling of acquisition transients to within error 
budget values. 

4.3. 1. 1 SIGNAL DYNAMICS — Signal dynamics, ^cified in terms of carrier 
doppler and dqppler rate, correspond to the following range d 3 mamics: 

R s 15, 000 meters/ sec 

•• 2 

R s 150 meters/ sec 

Range data errors are to be within budget for these steady-state dynamics. In addi- 
tion, tracking is to be maintained with degraded accuracy for 

•• 2 

R s 352 meters/ sec 

To minimize lag and transient errors and acquisition times with the required narrow 
PLL bandwidtiis, a carrier rate aid signal is employed to cancel range dynamics to 
within one part in 17600 (57 ppm). The resultant worst-case residual signal dynamics, 
for Hie range tone PLL, correspond to: 

4 

(1.5 X 10 m/sec)/ 17600 = 0. 852 meter/ sec 

(150 m/sec^) / 17600 = 8.52 x 10 ^ meter/ sec^ 

2 *2 2 
(352 m/sec ) / 17600 = 2 x 10 meter/ sec 

The resultant maximum residual doppler and doppler rate within the major range 
tone PLL for the several tones are listed in Table 4. 3. 1.1-1. 

4.3. 1.2 RANDOM NOISE ERROR -- The random noise error requirement is estab- 
lished by Figure 1 of Specification S-813-P-19 (revised) which is reproduced in Fig- 
ure 4.3. 1.2-1. An analysis of that figure Indicates that at low values of S/o, where 
input additive noise is dominant, the tone lo<q) one-sided noise bandwidth (BN^) must 


4-4 



MAXIMUM RMS RANGE ERROR (METERS) 


Table 4.3. 1. 1-1. Msiximum PLL Doppler and Doppler Rate 


RANGE 

TONE 

(kHz) 

SPECIFIED TRACK VALUE 

MAXIMUM VALUE 

DOPPLER 

(DEG/SEC) 

RATE 

(DEG/SECl 

RATE 

(DEG/SEC^) 

20 

4.09 X 10 ^ 

4.09 X 10“^ 

9.60 X lo"^ 

100 

.205 

2.05 X 10“^ 

4. 80 X lo"^ 

500 

1.023 

1,023 X lo”^ 

2.40 X 10“^ 



TONE LOOP (S/0) IN OB 

Figure 4. 3. 1. 2-1. Range Accuracy Requirement 
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be 0.05 Hz or less for either ot the three major range tones (MRT). Allowable maxi- 
mum bandwidths at other points of Interest are; 

S/0 = 30 dB - Hz 

BN^ = 0. 2 Hz for 500 kHz MRT 

BN^ = 0.05 Hz for UO kHz and 20 kHz MRT 

S/0 = 50 dB - Hz 

BNj = 6 Hz for 500 kHz 

BNj = 1 Hz for 100 kHz and 20 kHz MRT 

4.3. 1,3 ACQUISITION TIME — The major range tone PLL is required to acquire 
track and operate within its error budget within the following time spans: 

1. Near Earth - ^/ o 50 dB - Hz) 

t <4 sec 

acq 

2. Lunar Range - (S/0 = 30 dB - Hz) 

t r 22 sec 

acq 

For the near-earth case, the full specified signal dynamics given In Paragraph 4.3. 1. 1 
may be present duri..g acquisition. For the lunar-range case, maximum dynamics 
present during acquisition are one-fifth (20%) of the full specified dynamics. 

4.3.2 PHASE ACQUISITION PERFORMANCE 

4.3.2. 1 PROCEDURE — The acquisition of accurate tracking of the tt ’ lor range 
tone is accomplished in three basic steps: 

1. Step and/or slew PLL output signal to near null error condition (open loop) 

2. Close loop and operate as a 2nd-order PLL with relatively wide noise 
bandwidth imtil phase and velocity transients have settled 

3. Reduce looj) bandwidth to final value in 3rd-order configuration 

Acquisition is completed when transient errors have decayed to wifiiin the budgeted 
vali^s. Note, however, that after step 1 only, phase control has been sufficiently 
achieved to begin the ambiguity resolution process (minor tone acquisition). 
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The total time required to completf the acquisition process increases as the major 
range tone S/ e and the acquisition and tracking bandwidths decrease. 


4. 3, 2. 2 SLEW PERFORMANCE — The initial step in acquisition of range tone 
phase lock is an open-loop slew toward the stable null. This slew toward null is 
accomplished in two steps: 

1. Shift phase digitally 180® using VCXO divide by 6. 

2a. For 500 kHz + 100 kHz MRT, slew toward null at fixed rate using VCXO 
frequency offset until measured phase error is zero (actual error may not 
be zero due to lag and presence of noise). 

2b. For 20 kHz, digitally slew using VCXO divide by 6 until measured phase 
error is zero. 

The time required to accomplish each step is constrained by the detector filter noise 
bandwidth requi .*ed by the range tone S/ b and the resultant filter lag and slew rate 
limitation. 

The phase error input to ihe PLL, when first ’ configuration, is 

determined by the error of stopping slew caused ni.. i md random noise (and 
by signal dynamics). 

A sin^e-pole, low-pass filter is used to improve null detection S/N for slew control 
for low range tone S/P values. The detector output is a sinusoidal function of fre- 
quency 6 slew/360 Hz. The filter causes a lag of the error signal of: 

0 _ = arctan (0 slew/ 180 Af„ ) 

Lag 3dB 

where, 

0 Slew = PLL slew rate (deg/ sec) 

Af j, = Half-power frequency of low-pass filter 
3db 

The null detector phase lag for various slew rates and detection bandwidths will b<= 


Slew Rate 
(®/sec) 

Detection Bandwidth 
(Hz) 

Lag Error 
(Degrees) 

200 

3.50 

9® 

120 

3.50 

5. -1* 

200 

1.25 

25® 

120 

1.25 

15® 
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No filter phase lag occurs when maximum noise bandwidth (160 Hz two-sided) is used, 
since this bandwidth is determined by a band^ss filter ahead of the PLL phase detec- 
tor. The equivalent phase error due to random noise at the input of the slew control 
logic circuit (slew detection filter o>itput) is: 

=• nrctan \^/2S 
= arctan -/BNj/fS/P) 


where, 

BN = One-sided noise bandwidth of filter 1,6 f 

1 oCLB 

o’g = errer of apparent phase 

S/p = Range tone power density ratio 

f = Half-power brndaidth of filter (low-pass) 

3dB 

Ihe random noise error contribution to phase error at end of slew is listed in 

Table 4. 3. 2, 2-1 for appropriate combii^ations of S/p and 1. 

3dB 


Table 4. 3. 2. 2-1. Random Noise Srror 
Contribution to Phase Error 


f 

3dB 

(Hz) 

S/P 

(dB-Hz) 

(Deg) 

BN^ 

50* 

50 

1.62 

80 

5 

30 

5.11 

8 

1 

30 

2.29 

1.6 

1 

12 

20 

0. 16 


♦Obtained from 100 Hz BPF ahead of PLL phase detector 
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4. 3. 2. 3 TRANSIENT RESPONSE — Figures 4. 3.2. 3-1 throu^ 4.3. 2. 3-6 arc 

generalized cases and show normalized PLL transient responses to small, step inputs 
of position, velocity, or acceleration (step is small when d (sin 0^) / d 6^ “ 1). 

Figures 4.3.2. 3-x through 4. 3. 2. 3-3 apply to a 2nd-order loop with a nominally 
j erfect velocity integrator and a damping factor ? = 0, 707. The open loop transfer 
fi^nction for such a loop is: 


2Cul (S + cu- / 2t) 

G(S) = - ^ ^ 

S^ 

-? 

2.663 BN^ (S + 1,331 BN^) 


where, 

BN^ a One-sided noise bandwidth of loop 

0.531 for ? = 0.707 and 20% position step eiror overshoot 

Figures 4. 3. 2. 3-4 through 4. 3. 2. 3-6 apply to a 3i^-order loc^ witti nominally perfect 
integrators and an open-loop transfer function of: 


G(S) = 


H V^) 


3.C283 BNj -r 0.4486 BN^ J 


where, 

= BN^ / 0,743 f )r 20 ' 0 position step error overshoot 
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The scales A all figures are as follows : 


Tiioe is presented as the product BN x Time, thus actual time is 
t = (scale time)/BNj, 

Error is presented as the ratio of [ Error/ (Iiqmt Step)] / (BN^)^, 
where, 

i - 0 fv position step 
i = 1 for ^locity step 
i - 2 for acceleratifm step 

The predicted closed-loop transient response of the MRT PLL for a number of condi- 
tions is illustrated in Figures 4. 3. 2. 3-7 through 4 3.2.3-15. These responses were 
obtained through computer simulation of the PLL with input conditicais corresponding 
to nominal worst case situations. Descriptive data pertinent to the various figures is 
summarized in Table 4. 3. 2. 3-1. In all cases: 

1. The response starts at the time the PLL is initially closed in a 2nd-crder 
configuration. This is after any required slewing is completed. 

2. The initial phase error simvdated at the time of loop closure is greater 
than or equal to the one sigma uncertainty in phase due to nofse present 
in the observation bandwidth used during slew. 

3. The loop is allowed to settle in the second-order configuration for approxi- 
mately 5 time constants (BN^^ t = 5). 

4. Alter settling in the initial 2nd-order configuration, the loc^ bandwidth is 
reduced and the configuration changed to 3rd-order. 

5. The assumed phase error at the time of bandwidth reduction and configura- 
tion change is the rms error due to noise in the initial bandwidth. (This is 
the reas'^n for the apparent step error in the figures). 

(>. The sigiial frequency dynamics present during the acquisition process 

correspond to the full specified dynamics for the strong signal cases (S/o = 
50 dB-Hz) and one-fifth of that for the mediiun (S/o = 30 dB-Hz) and 
weak (S/o = 12 db-Hz) signal cases. 

7. For the cases where signal dynamics have a significant effect, the phase 
error to noise at the time of iiandwidth switching is introduced in both 
polariv 

Figure 4.3. 1.2-1 estab'ishes the ringe accuracy requirements for the system. From 
this figure, the total allowable rms phase error under various conditions can be 


1 . 


2 . 
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uatermined. The total allowable values are listed in Table 4. 3. 2. 3-2. A portion of 
this total allowable error can then be allocated to transient lock-iq> error account 
for the residual phase o"ror due to transi^ts at the time acquisition is considered 
completed. Fipires 4. 3. 2. 3-7 through 4.3.2.3-15 car then be used to determine the 
time (after initially closing the loop) required to get the residual transient phase error 
v/ithin the allocated amount. The allocated transient phase errors and (he required 
times are also given in Table 4. 3. 2. 3-2. In some cases, the allocated transient 
er.'or is approximately tv'o-thirds of the total allowable phase error. Althou^ this 
may seem large, it should be noted that the responses represented by Figures 
4. 3. 2. 3-7 throu^ 4.3.2.3-15 are for severe cases (maximum required dynamics, 
minimum S/o within range, and maTimum rate-aid error) and in general, the errors 
will be considerably less. Furthermore, the error can be in eitiier direction and 
statistically should combine with other errors in a root sum-square manner. 
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Table 4 . 3.2. 3^1. Transient Response Descriptive Data 







Figure 4. 

3.2.3- 





D 

-8 

-9 

-10 

-11 

-12 

-13 

-14 

-15 

MRT Frequency (kHz) 

500 

100 

20 

500 

100 

20 

SOO 

100 

20 

S /0 (fJB-Hz? 

50 

50 

50 

30 

30 

30 

12 

12 

12 

0 (deg/ sec) 

1.0 

0.20 

0.04 

0.2 

0.04 

0.008 

0.2 

0.04 

0.008 

•• / 2 

0 (deg/ sec ) 

0.01 

0.002 

0.0004 

0.002 

0.0004 

0.00008 

0.902 

0.0004 

0.00008 

Initial phase error (deg) 

4 

4 

4 

4 

4 

4 

25 

25 

25 

Second-K>rder bandwidth 
(Hz) (one-sided) 

4.8 

4.8 

4.8 

0.6 

0.6 

0.6 

0. 15 

0.15 

0.15 

Second-order S/N (dB) 

40 

40 

40 

29 

29 

29 

17 

17 

17 

Second-order rms phase 
error due to noise (deg) 

0.4 

0.4 

0.4 

1.4 

1.4 

1.4 

5.6 

5.6 

5.6 

Third-order bandwidth (Hz) 
(one sided) 

0.6 

0.6 

0.6 

0.0375 

0.0375 

0.0375 

0.0375 

0.0375 

0.0375 

Third-order S/N (dB) 

49 

49 

49 

41 

41 

41 

23 

23 

23 

Third-order rms phase 
error due to noise (deg) 

0.14 

0.14 

0. 14 

0.35 

0.35 

0.35 

2.8 

:.8 

2.8 



















ERROR 




ERROR 


.3 



ERROR 



0 I 2 3 H 

<SEO 

Figure 4. 3.2. 3-3. Response to Acceleration Step Input, Second Order PLL 
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Figure 4,3, 2, 3-4. Response to Position Step Input, Third Order PLL 
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Figure l,3,2.3-5« Response to Velocity Step Input, Third Order PLL 
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Figure 4. 3, 2, 3-7. Response For Strong Signal, 500 kHz MRT 
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Figfure 4. 3.2, 3-8. Response For Strong Signal, 100 kHz MRT 
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Figure 4. 3. 2, 3-9, Response For Strong Signal, 20 kHz MRT 
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Figure 4.3.2.3-10(8). Response For Medium Signal, 500 kHz MRT, (positive) 
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Figure 4. 3.2. 3-10(b). Response For Medium Signal. 500 kHz MRT, (negative) 
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Figure 4. 3. 2. 3-1 1(a). Responae For Medium Signal, 100 kHz MRT (poaltive) 
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Figure 4.3.2.3-ll(b). Response For Medium Signal. 100 kHz MRT (negative) 
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Figure 4.3.2.3-12(8), Response For Medium Signal, 20 kHz MRT, (positive) 
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Fifiure 4, 3.2, 3-12(b). Response For Medium Signal, 20 kHz MRT, (negative) 
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Figure 4.3.2.3 -13<a) Response For Weak Signal, 500 kHz MRT, (positive) 
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Figure 4. 3. 2. 3-13(b). Response For Weak Signal, 500 kHz MRT, (negative) 
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Figure 4.3.2.3-14(a). Response For Weak Signal, 100 kHz MRT, (positive) 
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Fitjure 4. 3. 2. 3-14(b). Response For Weak Signal, 100 kHz MRT, (negative) 
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Figure 4.3.2. 3-15(a). Response For Weak Signal, 20 kHz MRT, (positive) 
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Figure 4.3.2 . Responi e Weak Signal, 20 kHz MPT, (negative) 


Table 4. 3. 2. 3-2. Transient Response Summary 


CONDITIONS 

TOTAL 
ALLOWABT : 
ERROR 
(Degrees) 

TRANSIENT 

ERROR 

ALLOCATION 

(Degrees) 

TIME RQRD 
TO REACH 
ALLOCATION 
(Seconds) 

S/p * 50 dB - Hz 




500 kHz MRT 

1.2 

0.3 

1.2 

100 kHz MRT 

0.32 

0.16 

1.5 

20 kHz MRT 

0.32 

0.16 

1.5 

s/p » 30 dB - Hz 




500 kHz MRT 

1.2 

0.8 

13.0 

100 kHz MRT 

0.53 

0.35 

17.5 

20 kHz MRT 

0.53 

0.35 

17.5 

S/p = 12 dB - Hz 




500 kHz MRT 

3.4 

2.0 

42 

100 kHz MRT 

3.4 

2.0 

42 

20 kHz MRT 

3.4 

2.0 

1 ' 
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4.3.3 TRACKING PERFORMANCE 


In all cases the MRT PLL will iierform tracking in a third-order conflguraticm wltti 
near perfect integrators. Thus, loop tracking phase errors due to velocity and 
constant acceleration dynamics will be near zero (less than 0.1^. Transient errors 
due to steps in velocity or aci*eleration djan mics can be predicted from Figures 
4. 3. 2. 3-5 and 4. 3. 2.3-6. 


Other tracking errors, discussed in Paragraph 4.7.2, consist of systematic errors 
caused by phase detector and A/D converter drifts due to temperature, and random 
errors due to VCXO phase jitter and phase error digitizing. 

Errors due to additive input thermal noise are discussed in Paragraph 1.7.3. 

4.4 MINOR RANGE TONE CORRELATION 

Operating together, the Rai^ Tone Processor (RTPi and Digital Range Tone E^ftractor 
(DRTE) automatically synchronize the synthesized minor range tones with the received 
minor range tones in a prescribed sequence, starting wifti the highest minor tone and 
ending wifti ftie lOHz tone. 

The synchronizatton process for each toi^ consists of: 

1. Correlation (phase comparison) of local tone with received tone 

2. Deciding which of three possible levels the correlation function lies in 

3. Correction phase error in accordance vrfth decision Ic^c discussed 
in Paragraph 3.2.8, Table 3. 2. 8-1. 

4. Repetition of steps (1) throu^ (3) until agreement (peak correlation) 
is obtained. 

In the absence of decision errors, at least two and not more than three correlations 
are required. 

The correlation process is performed by a phase detector and an '7ntegrate-and- 
dump" circuit. 

For the 100 kHz through 800 Hz minor range tones, the correlation functio. is 
sinusoidal. For the 160 TIz throu^ 10 Hz tones, the function is triangular. 
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This functional relationship between correlator output and the offset of phase match, 
0^ , can be expressed as: 

E- = (2/jt) E cos 
0 s 

= (2/ir)E^ 

where 

E = Amplitude of input raniice tone 
s 

Fifrure 4.4-1 is a of the two correlation functions normalized to unity. The 

possible correlator outputs (excluding any {diase or amplitude error) for tiie various 
minor range tones are also indicated. The outputs for the 100 kHz throu^ 800 Hz 
tones occur at oxts of five positions on the sinusoidal function and are separated in 
72‘ (l/5-cycle) increments. The outputs for the 160 Hz tone also occur at one of 
five positions, but on the triai^lar transfer function. The outputs for the 40 Hz 
and 10 Hz tones occur at one of four positions on the triangular fimction and are 
separated in 90** (l/4-cycle) increments. 


6^ (100 kHz s fm s 800 Hz) 



160 Hz s fm « 10 Hz 

1 90 1 y 

1 0^ 1 « 180 deg 



Figure 4.4-1. Correlator Outputs 
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The correlator output is comparetl to twx> different slicing (reference) levels anc 
decisions made as to whether the correlator output is above or below the reference 
levels. These decisions provide Information as to which of three states the a^^rent 
plfflse is in. These states correspond to: 

State 1 0“ (all tones) 

State 2 ±72* (100 kHz - loO Hz) 

±90* (40 Hz, 10 II/» 

State 3 *144* (100 kHz - 100 Hz) 

IbO* (40 Hz, 10 Hz) 

In the presence of a given ntdse level and with a given integration time, Hie difference 
in level between tlie slicing reference level and the no .linal correlator output 
determines the pr ibability of a decision error, P^. Or contraril)-, in the presence 
of a given noise Ic . el, aivl for a required decision error probability, the difference 
in levels determines the required integration time. This is stated maUiematically 
as: 

T = K/(S/p) sec 

where 

T = Integration time 

K = Function of error probability and level differenTOs 
S/^ = Slgnal-to-iK)ise power density ratio 

For P = 10 ^ 
e 

K = 2.945/(a-b)^ 

where 

a = Limiting value <rf correlation output 
b = Normalized value of slicing level 

The nomiial values for "a" are those corresponding to the various possible output 
levels shown in Figure 4.4-1. The limiting values, however, are different due to 
phase and amplitude drifts and oUicr systematic errors which cat. 'ccur. The 
ranges of "a" for the various tones are shown in Figure 4.4-2. These ranges 
correspond to phase errors of ±10' and amplitude errors of ±14^. 
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Figure 4.4-2. Normalized Correlation Output Limits 


From the figure it can be seen that the worst -case situation occurs when making the 
decision as l > State 1 or State 2 for the 100 kHz through 800 Hz tones. In this case 
the level limits are separated by 0,847 - 0.535 = 0.312. If the slicing level, ’h’\ 
is s«-l midway between the two values, then |a-bj = 0.156 and (a-b)^ = 0.0243. 
Reference levels ^^ill be used in the Ranging Equipment such that this is the minimum 
value of (a-b)^ in all cases. With this value, the maximum K is: 

K = 2.945/0.0243 = 121 
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and the maximum required integration time is: 

T - 121 /(S/0 > sec 

Ir all cases, the integration time used is at least this large and the | a**b | value is at 
^ast 0.156. Thus, the decision error probability, P^, will be less than 10"^. In 
many situations the integration time used is longer and the | a^^b | value is con- 
siderably larger. Thus will be considerably smaller. 

Also, it should be noted that Pg is the probability of error for a single decision. 

With the phase matching logic used (Table 3. 2. 8-1), at least two decision errors 
ire necessary to leave a tcne improperly adjusted. Since the decisions are independ- 
:nt, the probability of that occurrence is: 

(P ) - P ^ < 10*^ 

ei e 

Since as many as 7 tones are phase matched, the total probability of ambiguity 
error is: 


(P ) = 7(P ) s 7 X 10^ 

T 1 

'The actual integration times selected for use are given in Table 4.4-1 . 


Table 4.4-1, Int^ration Times For Minor 
Range Tone Correlation 


S/0 

(dB-Hz) 

INTEGRATION TIME 
(sec) 

10 - 16 

12.8 

16 - 22 

3.2 

22 - 28 

0.8 

28 - 34 

0.2 

Above 34 

1 

0.05 
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4.5 CODE CCKRELATION 


Operating together, the Range Tone Processor, the Digital Range Tone Extractor 
and tlie Local ARC Generator automatically synchronize the local ARC with th*: 
received ARC . The synchronization process consists of: 

1. Correlation (phase comparison) of local ARC with received ARC 

2. Comparing apparent correlation level with decision level for decision 
that ARC is matched 

3. Delaying local ARC by 16-bit position, if (2) is not satisfied 

4. Repeating steps (1) through (3) until (2) is satisfied. 

The correlation process is performed by a phase detector and an "integrate-and- 
dump" circuit. The input signals to the phase detector are the, (previously phase 
matched) received and local 4 kHz minor range tone pair which are bi -phase 
modulated with the received and local ARC respectively. The correlator Integrates 
tlie phase detector output over an integral number of code bit periods, but over a 
time interval which in some cases is less than the code lei^h. 

The output of the correlator at each sample time, is: 


Eq = Eg (2A) Cos Code Matched 

= E (2/tt) C Cos 0A Code Not Matched 

s LR ^ 

where: 

9 ^ = Phase difference between local and recei/ed 4 kHz sub-carrier 
Eg - Amplitude of input 4 kHz sub-carrier 

C^ = Cross-correlation betu’cen the local and received code when 
not matched 


The value of Cjj^ depends on code position and the correlation interval. For the 
code selected, a digital computer was used to determine Cjj^ for a range of 
correlation intervals, expressed as the number of bits correlated. Results of 
that analysis are summarized in Figure 4.5-1 for intervals of Interest; as can be 
seen C^j^ « 0.3125 for an interval at least 0.2 second (32 bits). This has been 


chosen as the minimum integration time and will be the largest C 


LR’ 
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Figure 4.5-1. Bounds of Cross-correlation Between Unmatched Code 


The required integration time, T, for a decision error probability of 10 is; 


T - 6.96/(a-b)^ (S/^) 

Allowing ±10* error of sub-carrier phase match and ±14C? signal amplitude error 
(same as for minor range tones), the boundary values of normalized Eq ("a”) are 

1. Code Matched 

Lower Limit = 0.86 Cos 10® = +0.847 

2. Code Not Matched 

Upper limit = (1.14 Cos o®) (.3125) = +.356 

Setting the slicing level, "b", at +0.601 gives a normalized separation value 
la b|^ 0.246. Thus 


K - 


6.96 

.246^ 


115 
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and the required integration time Is 


T = ll^S/0) sec 


for each code match decision. 

In all cases, an integration time considerably longer than this is used and the decision 
error probability will be considerably less than 10“'*. (The actual integntion times 
to be used are the same as the minor range tones, given in Table 4.4-1, except that 
the minimum time is 0.2 seconds.) For example at S/o = 10 dB, an integration time 
of 12.8 seconds will be used whereas the required minimum is: 

T = 115/10 = 11.5 seccMids 

Furthermore, for the relatively long integration times, the unmatched code cross- 
correlation factor, will be much less than 0.3125 and the probab’Uty of 

deciding match — when actually unmatched — will be greatly improved. 

For s/d ^ 34 dB, an integration time of 0.2 secoi^ will be used because this is 
the minimum value selected due to cross -correlation. The value required by 
noise considerations is, however, only 

T = 115/2500 = 0.046 second 

Thus noise will cause decision errors with a probability much less than 10 . 

4.6 RANGE DATA ACQUISITION 
4.6.1 GENERAL PROCEDURE 

The range data acquisition process comprises the execution of three separate 
sequences of action (Figure 4. 6. 1-1). The initial sequence of events starts with 
establishing level control of the MRT and ends with the major range tone PLL 
slewed to an approximate null error, with range tone AGC fully effective, and with 
the phase acquisition mode (FAST, MEDIUM, or SLOW) selected. 

The other tw'o sequences of events are executed in parallel; they separately cul- 
miivite in: 

1 . Major range tone PLL o|>eration in the appropriate bandwidth and 3rd 
order mode with major acquisition transient settled 

2. Resolution of major range tone ambiguities with the minor range tones 
and the ARC 
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Figure 4 . 6 . 1 -1 . Acquisition Sequence 


Manual control of operating mode (when effective during acquisition) deletes the 
S/0 determination action from the first sequence. After completion of acquisition, 
maniial control results in change of PLL bandwidth (for change between FAST and 
MEDIUM). 

The three sequences and their time schedule are discussed below. 

4.6.2 AGC/SLEW SEQUENCE 

The AGC/slew sequence sets up the initial conditions for the PLL acquire and 
ambiguity resolution sequences which follow. The actions which are completed 
during the AGC/slew sequence are: 

1 . Provide nominally correct major range tone power level into PLL and 
level sensing circuitry (establish AGC) 

2. Determine the S /0 of the received major rai^e tone and select the appro- 
priate operating mode (FAST, MEDIUM, or SLOW) for the next sequences 
of data acquisition and for tracking 

. 1 . Slew PLL output signal to nominal null error with respect to input signal 
4. Re-establish level control. 


4-43 










An acquisition mode selection of FAST, MEDIUM, or SLOW is made in accordance 
with: 


Fast: S/0 a 50 dB - Hz 

Medium; 50 dB - Hz > S/0 a 30 dB - Hz 

Slow: 30 dB - Hz > S/0 

4.6. 2.1 LEVEL CONTROL AND MODF SELECTION - The process of determinlt^ 
S/0 and selectini; the operatiner mode is shown in Fii^re 4. 6. 2. 1-1. Two basic 
decisions are made: 

1. The major ran^^e tone is being received and is controlling amplifier gain 

2. The S/0 value is above 50 dB - Hz, below 30 dB * Hz or between these 
two values. 

The s/0 determination is made by comparison of the output of a wideband IF noise 
detector with two reference levels after AGC has had sufficient time to appr<»ch 
the fii»l mean value. 

4.6 .2.2 SLEW — Slew of PLL output signal is initiated as soon as the operating 
mode is selected. 

Digital logic (operating on filtered output signals of the coherent detectors which 
are used for PLL control and for AGC) controls a fast 180* digital slew and a slow an- 
alog slew of the PLL feedback signal. Filter bandwidths and slew rates are selected 
to minimize filter lag and S/N effect on phase error at end of slew consistent with the 
acquisition time requirements. 

4.6.3 MRT PLL ACQUISITION 

After slew is completed in the previous sequence, the MRT acquisition consists of: 

1. Closing PLL in relatively wideband second-order configuration 

2. Waiting for acquisition transients to sufficiently settle 

3. Switching PLL to airrow bandwidth third-order configuration 

4. Waiting for acquisition transients to sufficiently settle 

The PLL performance and response to these steps are disciissed in Paragraph 

4. 3. 2.3. 
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Figure 4.6. 2. 1-1. Automatic Mode Selection Process 
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4.6.4 AMBIGUITY RESOLUTION 


Ambiguity resolution consists of phase matching all of the minor range tones and ‘he 
ARC. These sequences are described in Paragraphs 4.4 and 4.5. 

4.6.5 ACQUISITION TIME SUMMARY 

4.6.5. 1 GENERAL — The various steps required to achieve range data acquisition 
have been described; they consisted of: 

1 . AGC/SIew 

2. MRT PLL Acquisition 

3. Ambiguity Resolution 

Steps ( 2 ) and (3) are conducted in parallel. 

This section provides a summary of the total time to perform those steps for three key 
S /0 values. Not included in the acquisition time summaries are propagation delay 
times which will depend on range, and which can be substantial for very long ranges. 
For example, at lunar range, the round trip propagation time is approximately 2.47 
seconds. Since there nmy be as many as 8 range tones plus the ARC transmitted 
sequentially, the total time lost due to propagation would be about 22.3 seconds. 

4.6.5. 2 AGC/SLEW — The initial AGC bandwidth is approximately 0.5 Hz (one- 
sided noise). Allowing about 2.5 time constants for settling of AGC, the signal will 
be properly level controlled in approximately 1.25 second at a modulation index of 0.2 
rad. At i? » 0.5 rad, the 1.25 second time is reduced to 0.75 second. At that time, 
the following actions can be taken: 

1. Detect signal presence 

2 . Select acquisition mode (FAST, MEDIUM, SLOW) 

3. Start slew 

For all signal cases, slew will require 1.0 second at most. 

After 'lew is completed the AGC bandwidth is reduced and the MRT PLL acquisition 
and ambiguity resolution processes are started in parallel. For strong signals, 0. 5 
seconds is required to re-establish the correct level of AGC; for S/© s. 50 Db-Hz, 4 
seconds is required. 

4.6.5. 3 MRT PLL ACQUioITION — The major range tone PLL is considered fully 
acquired when its acquisition transient errors have settled to an allowable value. The 
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allowable values and required maximum times were given in Table 4.3. 2.3-2. In 
summary, t>'' maximum required times were: 

Strong Signal 1. 5 secs 
Medium Signal 17.5 secs 
Weak Signal 42 secs 

4.6. 5.4 AMBIGUITY RESOLUTION — The ambiguity resolution process cons.its of 
a scries of sequences: 

1. Integrate and compare (correlation) 

2. Dump and correct (correction) 

The times for each event are determined by the S/0 values and the tone . ..AC being 
operated upon; se? Table 4. 6. 5.4-1. 


Table 4.6. 5.4-1. Schedule of Correlation and Correction Intervals 


S/e 

(dB .- Hz) 

Correlation 

(Tj) 

(secs) 

Correction 

(Tg) 

(msecs) 

Applicable 

Signals 

10-16 

12.8 

50 

All minor tones and ARC 

16-22 

3.2 

50 

All minor tones and ARC 

22-28 

0.8 

50 

All minor tones and ARC 

28-34 

0.2 

50 

All minor tones and ARC 

> 34 

0.05 

1.25 

800 Hz & above 

> 34 

0.05 

6.25 

160 Hz 

> 34 

0.05 

25 

40 Hz 

> 34 ! 

0.05 

50 to 100 

10 Hz 

> 34 

0.2 

50 

ARC 
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If no decision errors are made during the process, at most 3 correlation and correc- 
tion cycles are required for each minor range t For the strong signal case the 
range should be within the 10 Hz ambiquity range and i>nly one ARC correlatioii should 
be required to verify that fact. For the medium signal strength, it ie assumt-d that 
the ARC can be preset so that, at most, 10 correlation and correction cycles are 
required. For the weak signal case, no preset knowledge is acsu'ned. 

Summaries of the ambiquity resolution times are given for tne three signal strength 
cases in Tables 4.6. ^.4-2 through 4.6. 5.4-4. 


Table 4. 6. 5. 4-2. Correlation and Correction 
Time Summary for S/0 = 50 dB - Hz 


Signal 


Time (msec) 


Correlation 

(Ti) 

Correction 

(Tg) 

Total 

n(T, + T )* 
1 2 

100 kHz 

50 

1.25 

153.75 

20 kHz 

50 

1.25 

153.75 

4 kHz 

50 

1.25 

153.75 

800 Hz 

50 

1.25 

153.75 

160 Hz 

50 

6.25 

168.75 

40 Hz 

50 

25 

225 

10 Hz 

50 

50 to 100 

450 

ARC 

1 

200 

1 

50 

1 

250 

1 

Maximum Total Time 1.69 sec 


♦ 

n = 3 for all tones 
n = 1 for ARC 


4-48 











Table 4. 6. 5.4 -3. Correlation & Correction Time 
Summary for S/^ = 30 dB - Hz 


Signal 

Time (msec) 

Correlation 

(Ti) 

Correction 

(Tg) 

Total 

n(Tj + T^)* 

100 kHz 

200 

50 

750 

20 kHz 

200 

50 

750 

4 kHz 

200 

50 

750 

800 Hz 

200 

50 

750 

160 Hz 

200 

50 

750 

40 Hz 

200 

50 

750 

10 Hz 

200 

50 to 190 

900 

ARC 


50 

2500 

Maximum Total Time (Sec) 7. 9 Seconds 


* 

n = 3 for all tones 
n = 10 for ARC 
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Table 4. 6. 5. 4 -1. Correlation & Correction Time 
Suminaiy for S/0 = 12 dB - Hz 



Time (msec) 

Signal 

Correlation 

(Tj) 

Correction 

Total 

n(Tj + T^)* 

100 kHz 

12.800 

50 

38,550 

20 kHz 

12,800 

50 

38.550 

4 kHz 

12,800 

50 

38,550 

800 Hz 

12,800 

50 

38.550 

160 Hz 

12,800 

50 

38,550 

40 Hz 

12,800 

50 

38,550 

10 Hz 

12,800 

50 to 100 

38,700 

ARC 

12,800 

30 

539,700 

Maximum Total Time 809.7 seconds (13.5 minutes) 


* 

n = 3 for all tones 

n = 42 for ARC 


4. 6. 5. 5 TOTAL TIME — A summary of the total acquisiticm time for each of tte 
three cases is g^ven in Table 4.6.5. 3-1. The total time consists of the AGC/Slew 
time plus the longer of the MRT PLL acquisition or the ambiguity resolution time. 
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Table 4. 6. 5. 5-1. Total Acquisition Time Summary 



Time (Sec) 

Sequence 

S/¥ - 50 dB 

S/0 30 dB - Hz 

S/0 = 12 dB - Hz 

0 AGC/Slew 

2.25** 

6.25 

6.25 

(D MRT PLL 
Acquisitions 

1.5 

17.5 

42 

0 Ambiguity 
Res<duti<m 

1.69 

7.90 

809.7 

Total Acq 
Time (Sec)* 

3.94 

21.75 

841 


Larger of (T) + (|) and (T) + (S) 

** 

At £ 0. 5 rad. 
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4. 7 RANGE MEASUREMENT ERROR 

This error analysis of range measurement performance is consistent with the lo I low- 
ing definitions: 

RANGE RESOLUTION — The smallest measurable quantity that will yield a d^ermin 
istic output range value. 

RANGE INSTRUMENTAL ACCURACY — Range instrumental accuracy includes all 
random and systematic errors due to the Raiding Equipment hardware in the presence 
dT an infinitely hi^ input S/N ratio. 

RANGE ACCURACY — Consists of range instrumental accuracy plus the effect of re- 
ceiver input thermal noise. Error due to uncertainty in initial zero-s^ and knowlet^e 
of the velocity of prqpi^ation is not included. 

The unit used to e:q)re8s range measurement requirements aixl performance is the 
meter. Table 4. 7-1 provides a s^ of conversion factors used in the range measure- 
ment error analysis. 


Table 4. 7-1. Range Measurement Conversion Factors 


UNITS 

FORMULA* 

FREQUENCY, f 

500 kHz 

100 kHz 

20 kHz 

nsec/cyc 

10®/f 

2,000 

10,000 

50,000 

nsec/d^ree 

10®/360f 

5.55 

27.7 

138.8 

degrees/nsec 

360£/l0® 

0.18 

0.036 

0.0072 

meters/cyc 

c/2f 

300 

1500 

7500 

meters/degree 

c/720f 

0.83 

4.16 

20.83 

degrees /meter 

720f/c 

1.2 

0.24 

0.048 

meters/nsec 

c/(2 X 10^) 

0.15 

0.15 

0.15 


♦All factors for range are one way ^ 

Velocity of propagation c taken as 3 x 10 meters /sec. 
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4.7.1 RANGE RESOLUTION 


The range resolution, as defined above, is set by the number of increments per cvcle 
used in measuring phase delay of the major range tone; it is given by: 

AR - c 2Mf 

m 


where, 

AR - Resolution (increment size) 

8 

c - Velocity of propagation, 3 X 10 meters '^second 
M = Number of delay incremeirts per cycle 
f^ = Major range tone frequency 

The value of the product MfjQ is the same for 500 kHz, 100 kHz, or 20 kHz and is 
(using the values of M and for the 500 kHz range tone): 

Mf = (2 X 10^) (5 X 10^) = 10®. 
m 

Thus, the resolution is: 


8 9 

AR» 3 X 10 /2 X 10 = 0.15 m^er 

4. 7. 2 RANGE INSTRUMENTAL ACCURACY 

Range instrumental accuracy is limited by systematic and random errors occurring 
within the Ranging Equipment. The errors of concern are those associated with the 
fine-range data signal processing. Intermediate- and coarse-range data is used only 
to resolve ambiguities in the fine-range data. The fine-range data signal processing 
and information flow is illustrated in Figure 4. 7.2-1. * For reference purposes, some 
of the signal processing elements in the diagram have been arbitrarily numbered. The 
errors discussed below are those contributed by the Ranging Equipment. Errors contrib- 
uted by sources outside the Ranging Equipment (part of Uie RF Link, Figure 4. 7. 2-1) 
are not included. For example, group delay variations in the Exciter, MFR, and 
Transponder will contribute error to the ranging measurement, but are not included 
in the analysis since they are not part of the Ranging Equipment. Ranging accuracy 
:i8 discussed in Paragraph 4. 7.2, however, does include input thermal noise error. 

4.7*2. 1 SYSTEMATIC ERRORS — S 3 rstematic errors result from modulation group 
delay and phase variations within the processing elements as a result of temperature 


*Kor convenience bound in Appendix A. 
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change and signal frequency d 3 mamlcs (doppler and doppler rate). Table 4.7. 2-1 sum- 
marizes Uu’ errors by cause for elements shown In Figure 4. 7,2-1. The errors are 
individually discussed below. 

4. 7.2. 1. 1 Temperature Change — The temperature variation within the cabins is 
estimated to be ±12” F (see Paragraph 3. 1. 1). Most of the Ranging Equipment circuitry 
operates over that range and the following analyses and estimates are based on that 
temperature variation. Selected elements, however, are controlled through heater 
circuits to operate over smaller temperature variations. For those elements, the 
error analyses and estimates are based on the controlled temperature variaticm. 

Filters lA, IB, and 1C are all 2-pole LC, bandpass filters with a Q of 2. Over the 
operating temperature range, the fractional detuning will be less than ±200 ppm result- 
ing in a phase shift of less than ±0. r . 

Filters 2A, 2B, and 2C are all LC filters with a half-power bandwidth of 70 kHz. The 
500 kHz and 100 kHz filters are 1-pole bandpass, and the 20 kHz filter is a 2-pole low- 
pass. Over the operating temperature range, (the 500 kHz filter is tempersdure con- 
trolled) the fractional detuning and resultii^ phase shift will be less than the following 
values: 

t 

Filter No. 1 Fractional Detuning Phase Shift (degrees) 

2A ±100 ppm ±0.08 

2B ±500 ppm ±0.08 

2C ±500 ppm ±0.016 

Filter 6 is an LC, 2-pole low-pass filter with a cutoff frequency of 1 MHz. Detuning 
due to temperature variations will result in these phase delay variations; 

Maximum 

Phase Shift (Degrees) 

500 kHz ±0.05 

100 kHz ±0.01 

20 kHz ±0.002 

Filter 3 is a 1-pole bandpass crystal filter with a half-power bandwidth of iOO Hz. 

Over its controlled temperature range, the phase shift will be less than ±0. 15* . 

Filter 4 is a 1-pole LC filter with a half -power bandwidth of 100 kHz; however, this 
filter, as well as the axis-crossing detector (ACD 3) which follows it, is within the 
major range tone PLL. Thus slowly varying phase shifts caused by temperature 
changes will be tracked out and nct contribute error to the ranging measurement. 


Major Range 
Tone Frequency 
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Table 4. 7.2-1. Systematic Range Error Summary 


ERROR 

||^S9B 

500 kHz 

100 kHz 

20 kHz 

SOURCE 


DEG 

NSEC 

DEG 

NSEC 

DEG 

NSEC 

TEMPERATURE CHANGE 
niter 1 

0.1 

0.6 

0.1 

2.8 

0.1 

13.9 

2 


0.08 

0.4 


2.2 

■|W1I» 

2.2 

3 


0.15 

0.83 


4.2 


20.8 

4 


- 


- 



- 

5 


0.035 

0.2 


.2 

0.002 

0.2 

6 


0.05 

0.3 


.3 

0.002 

0.3 

ACD 1 


- 



- 

- 

- 

2 


0.18 

1.0 

0.036 

1.0 

0.007 

1.0 

3 


- 

- 

• 

- 

- 

- 

4 


- 

- 

- 

- 

- 

- 

AGC & Demodulator 


0.18 

1.0 

0.036 

1.0 

0.007 

1.0 

Rate Aid 


- 

- 

- 

- 

- 

- 

Major Range Tone PLL 


0.1 

0.6 


2.8 

0.1 

13.9 

Phase Data Multiplier PLL 

am 

0.6 


.6 

0.004 

0.6 

RSS (Temperature) 


0.36 

2.0 

0.23 

6.4 

0.21 

28.8 

SIGNAL FREQUENCY DYNAMICS 
Filter 1 







2 


0.08 

0.4 

.016 

.4 

0.003 

0.4 

3 


0.003 

0.02 


.02 

0.00013 

0.02 

4 


- 

- 

- 

- 

• 

- 

5 


- 

- 

- 

- 

- 

• 

6 


0.05 

0.28 


0.28 

.002 

0.28 

ACD 1 


• 

- 

1 

- 

- 

- 

2 


- 

- 

- 

- 

- 

- 

3 


• 

- 

- 

- 

- 

- 

4 


- 

- 

- 

- 

- 

- 

AGC & Demodulator 


- 

- 

- 

- 

- 

- 

Rate Aid 


- 

- 

- 

- 

- 

- 

Major Range Tone PLL 


0.1 

0.6 

0.1 

2.8 

0.1 

13.9 

niase Data Multiplier PLL 

0.01 

0.03 


.03 

0.0002 

0.03 

RSS (TVmainics) 


0.14 

0.77 


2.84 

0.10 

13.9 

RSS ToUl 


0.38 

2.14 

0.25 

7.0 

0.23 

32.0 

RSS Total (Meters) 


0. 

32 

1. 

05 

4.8 
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Filter 5 is an LC, 1-pole bandpass filter with a half-power bandwidth of .‘^2 Mil/ 

0\cr the environmental temperature range the fractional detuning wil' be ; 20 '-' nm 
resulting in a 48 MHz phase shift of ±3.5® . However, this phase shift is djvi e : i, , 

100 prior to injection into the data processing signal path. Thus the error . ^ > tni utiofi 
is i 0.035® at 500 kHz. The equivalent errors for the 100 kHz and 20 Ul.". .'lilT are 
±0.007® and ±0.0013® raspectively. ACD 1 is common to the transmitted major ran%e 
tone and reference signal paths; thus, slowly varying time delays are cancelled and 
do not contribute error to the ranging measurement. 

ACD 2 operates at 48 MHz and has time delay variation due to temperature of less than 
1 nanosecond. This results in a phase shift at 480 kHz and in the data signal path of 
less than ±0.18”. This is the error for the 500 kHz MRT. However, the equivalent 
error for the 100 kHz and 20 kHz MRT is divided by 5 and 25 respectively. 

ACD 4 is within the Phase Data Multiplier PLL. Thus slowly varying drifts will be 
tracking out and not contribute to error in the ranging measurement. 

Rate aid signals are employed in the data path in such a manner that slowly varying 
phase shifts in the rate aid circuitry will be cancelled and thus not contribute error 
to the ranging measurement. 

The AGC and demodulator circuits are designed for low group delay variation over the 
range of operating temperature, noise, and signal levels. The variation is predicted 
at less than ±1 nanosecond. 

Major range tone PLL tracking errors are caused by phase detector and A ^D converter 
drifts. Due to noise handling requirements, these units have a large dynamic oper- 
ating range and drifts are predicted at ±0. 1° for the combined effect using temperature 
control. 

For the phase data multiplier PLL, noise handling and dynamic range requirements 
are small. Thus phase detector drifts can be less than ±0. 1° at the tracking frequency. 
The equivalent error at the MRT frequency is ±0.1° for the 500 kHz MRT, ±0.1/5 for 
the 20 kHz MRT, and ±0.1/25 for the 20 kHz MRT. 

4. 7.2. 1.2 Signal Frequency Dynamics — Since there are no signal frequency dynam- 
ics on the reference signals, elements in the reference signal processing circuitry do 
not contribute error due to signal frequency dj-namics. Elements in this category are 
ACD 1, ACD 2, Filter 1 , and Filter 5. 

Again, because of cancellation, the rate aid circuitry also does not contribute error. 
And again because of being within PLL's ACD 3, ACD 4, and Filter 4 do not contribute 
error. Because the demodulator operates at a constant 110 MHz, it also does not con- 
tribute error due to signal frequency dynamics. 


4-56 



The range tones passing through Filters 2A, 2B, and 2C have their full doppler since 
rate aid has not yet been injected. Phase shift through these filters (all of which have 
a 70 kHz half-power bandwidth) due to doppler is: 

Filter No. Maximum Doppler Maximum Phase aiift (degrees) 


2A 

± 50 Hz 

±0.08 

2B 

±10 Hz 

±0.016 

2C 

± 2 Hz 

i0.003 


Similarly the range tones passing through Filter 6 have full doppler. Phase shifts due 
to Doppler in this filter are: 

Major Range 

Tone Frequency Maximum Phase Shift (degrees) 


500 kHz 
100 kHz 
20 kHz 


±0.05 

± 0.01 

± 0.002 


The range tone passing through Filter 3 has been rate aided; thus only residual doppler 
is present. This residual is only 1/17,600 times the original doppler. Phase shift 
due to doppler is ; 


Major Range 
Tone Frequency 


Maximum 

Residual Doppler (Hz) 


Maximum 

Phase Shift (degrees) 


500 kHz 
100 kHz 
20 kHz 


• 2.84 X 10_^ 
± 5.68 X 10 
± 1.14 X lO"^ 


±0.0031 

±0.0007 

±0.00013 


Because of its relatively wide tracking bandwidth (2 kHz) and large dc gain, the Phase 
Data Multiplier PLL has small tracking error due to signal frequency dynamics. 

When tracking, the error is a maximum of ±0.005® referred to the PLL input. This 
is the error for the case of the 500 kHz MRT. With 100 kHz and 20 kHz MRT fre- 
•juencies, the equivalent phase error is divided by 5 and 25 respectively, 

I’he Major Range Tone PLL tracking errors due to velocity and constant acceleration 
dynamics at strong signal are less than ±0.1®. 
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4. 7. 2. 2 RANDOM ERRORS — Random errors result from phase jitter -vhirh i - 

present on the output ^'gnal which is digitized as a measure of phase delay. fr«)in the 
quantizing error itself, and from sampling pulse jitter. Phase jitter may caused 
by self-gene rated noise, spurious signal presence, power supply ripples or any other 
random fluctuations which result in I'apid variations in axis c tossings ot t e digitized 
waveform. Table 4. 7.2-2 is a summary of random erros which are indi\ tdually dis- 
cussed below. 

4. 7.2.2. 1 Reference Range Tone — Jitter appears on the transmit t. a major range 
tone due to jitter introduced by ACD 1 and by elements of the clocke*! divider chain in 
the Range Tone Generator. Very narrowband processing of the received tone by the 
major rai^e tone (MRT), PLL, however, reduces this jitter to a negligible amount. 


Table 4. 7.2-2. Random Range Error Summary 


ERROR 

SOURCE 

MRT — ► 

500 kHz 

100 kHz 

20 kHz 


DEG 

NSEC 

DEG 

NSEC 

DEG 

NSEC 

Reference Range Tone 








Rate Aid 


0.4 

2.2 

0.08 

2.2 

0.016 

2.2 

MRT PLL Tracking 


0.15 

0.8 

0.15 

4.2 

0.15 

21 

MRT PLL veXO 


0.1 

0.6 

0.02 

0.6 

0.004 

0.6 

500 kHz ACD 


0.18 

1.0 

0.036 

m 

0,007 

1.0 

PDM Reference 


0.18 

1.0 

0.036 


0.007 

1.0 

PDM VCO 


0.2 

1.1 

0.04 

B 

0.008 

1.1 

40 MHz ACD 


— 

— 

— 

m 

— 

— 

Quantizing 


0.05 

0.3 

0.01 

0.3 

0.002 

0.3 

Sampling Pulse 


0.015 

0.1 

0.003 

0.1 

0.0006 

0.1 

RSS 

0.54 

3.0 

0.19 

5.1 

0.16 

21.2 

RSS (Meters) 

0. 



0.80 

3.2 


1.7. 2. 2. 2 Rate Aid — Jitter on the rate aid signal injected into mixers Ml and M3 
are reduced to a negligible amount by the MRT PLL. Jitter on the 2. 16 MHz rate aid 
signal injected into Mixer M2 however, is fully translated to the data signal. The 
jitter on the rate aid signal is «lue to axis-crossing detection, digital division, and 
spurious signal presence all developed in the Rate Aid Synthesizer. All of these 
effects will result in phase jitter on the 500 kHz data signal in the amount of 0.4' rms. 
The equivalent phase error for the cases of 100 kHz and 20 kHz MRT frequencies are 
0.4/5“ and 0.4/25" rnas respectively. 
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•*. 2. 3 M HT PLL Tracking — Because ol the very narrow bandwidths r^^- ired, 

the Major Range Tone PLL is partially implemented using digital techniques. I'he 
phase error signal is quantized using an A/D converter and then loop compensation 
(filtering) performed digitally . The digital output is tnen converted to analog torm to 
control the PLL VCXO. Because the error signal is quantized into liiiite increments, 
random phase tracking errors will occur. The quantizing size will he such that the 
piiase tracking error will be less than 0.15° rms referred to the PLl. input. 

4. 7. 2. 2. 4 MRT PLL VCXO - The VCXO used in the MRT PLL i.s a very stable 

oscillator, but operates in an extremely narrowband PLL. Phase fluctuations which 
are not tracked out appear as phase jitter on the 500 kHz data signal. This phase 
jitter will be less than 0. 1° rms at the 500 kHz PLL output. The equivalent error for 
100 kHz and 20 kHz MRT is 0.1/5° and 0.1/25° respectively. 

4. 7. 2. 2. 5 500 kHz ACD — ACD 3 is in the feed forward path of the MRT PLL. 

Therefore, slow y varying time errors are tracked out. Rapid time variations, how- 
ever, do appear as phase jitter on the 500 kHz data signal. The A.CD time jitter will 
be less than 1 nanoscc rms, correspondirig to 0.18° rms on the 500 kHz data signal. 
The equivalent phase error for the cases of 100 Idlz and 20 IlHz MRT is 0. 18/5° and 

0.18/25° rms respectively. 

4. 7. 2. 2. 6 PPM Reference — The 480 kHz Phase Pata Multiplier reference signal 
introduces jitter irkc the data signal path. The jitter results from .\CD 2 and the 
7-100 scaler which arc used to develop the 180 kllz reference. The time jitter will be 
less than 1 nanosecond rms, corresponding to 0.18° rms on the data signal. The 
equivalent phase error for the cases of 100 kHz and 20 kHz MRT are 0. IS '5° and 
0. 18/25° rms respectively. 


:lf- 


3rated noise on tt 


. O used in the Phase Data 

VaaV » V- W AO A Cld 


Multiplier also introduces phase noise on the data signal 
lively wideband and noisy, the PDM PLL is also relatively wideband and thus most 
of the noise is removed or reduced by feedback. The residual error will be less 

O O® ■y y» y y 4- 4-V* J y n ^ y y y y y ^ y <-l y » » • • • y ^ ♦ y y «-• y 


error of 0.2°, 0.2/5°, and 0.2/25° rms for MRT frequencies of 500 kHz, 100 kHz, 
and 20 kHz respectively. 


1. T.2.2.8 40 MHz ACD — Errors introduced by ACD 4 time jitter arc negligible 

because: 

1. The basic time jitter is small 

2. Referenced to the PDM input, the error is divided by 2000 

3. The ACD is in the feed forward path of the PDM PLL, and most ot the jitter 
is removed by feedback. 
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4. 7. 2. 2. 9 Quantizing Error — The quantizing error due to the use of a finite number 
of increments per cycle of the 500 kHz output signal of the PDM is the square root of 
the variance of an error function having a uniform distribution between zero anu 
one-half increment. The rms equivalent time error due to sampling phase of a 50(J 
kHz signal counted in 2000 increments is (1 nsec)/ - 0.29 nanosecond which is 
equivalent to 0.05® rms at the PDM input. This corresponds to phase errors of 0.05", 
0.05/5® and 0.05/25“ for MRT frequencies of 500 kHz, 100 kHz, and 20 kHz. 

4.7.2.2.10 Sampling Pulse — The 10 PPS sampling pulse has time jitter due to 
ACD 1 and digital selection circuitry. The time jitter will be less than 2 nanoseconds 
rms. This time jitter translates to phase error at the 20 kHz translated data phase 
and is therefore equivalent to 0.0144° rms. The equivalent phase error for MRT 
frequencies of 500 kHz, 100 kHz, and 20 kHz is 0.0144°, 0.0144/5’, and 0.0144/25° 
respectively. 

4. 7. 3 R.\NGE ACCURACY 


As stated above, range accuracy consists of range instrumental accuracy plus the 
effect of receiver input thermal noise. The thermal noise error contribution is given 
by: 


a 


R 


4irf n ^ 
m 


Where: 

g 

c = Velocity of propagation, 3 x 10 meters/sec 

f^ = Range tone frequency 

B = Tracking loop noise bandwidth (one sided) 
n 

S/0 = S/N power density for received range tone 

Figure 4. 7. 3-1 depicts rang*- accuracy for each major tone as a function of S/0 for 
each of the two possible final tracking bandwidths. 
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RANGE TONE 


Figure i. 7.3-1. Ranp;e Accur?oy for Major Tones 
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4.S DOPPLER MEASUREMENT ERROR 

This error analysis for dopplt' measurement performance is consistent will lu 
following definitions: 

DOPPLER RESOLUTION - The smallest measureable quantity that will >n a deter- 
ministic change of doppler cycle count. 

DOPPLER INSTRUMENTAL. ACCUliACY - Includes all Ranging Equipment errors of 
cycle count measurement made during a 0. 1 second interval. 

DOPPLER ACCUItACY - Doppler instrumental accuracy plus the effect of receiver 
vexo phase noise. 

The unit of measure used in expressing doppler measurement requirements and per- 
formance is the cycle. 

4. 8. 1 DOPPLER RESOLUTION 

The doppler resolution, as defined above, is set by the number increments per 
cycle used in accumulating a count of elapsed cycles ot the doppler (with bias) signal. 
The increment size Is independent of the bias frequency. 

Since the extracted doppler (plus bias) signal is multiplied by 1000 (wit'i additional 
bias changes) before counting elapsed cycle increments, the doppler resolution is 
0. 001 cycle. 

4.8.2 DOPPLEl INSTRUMENTAL ACCURACY 

Dopplei instrumental accuracy is determined by Ranging Equ;p;nent random errors, 
since, by ciefinition, a systematic error is slowly varying .and does not appreciably 
affect short-term (0. 1 second) measurements. (The doppler data signal flow within 
the Ranging Equipment is illustrated in Figure 4.1-1, Appendix A.) Ranging Equip- 
ment random error sources contributing to error-of-cycle count over a 0. 1 second 
interval are summarized in Table 4. 8. 2-1 and discussed below. Errors ccnlributed 
by sources outside the Ranging Equipment are not included. For example, phase 
noise present on the MFR VCO, the MFR Synthesizer reference, and the Exciter refer- 
ence will contribute error, but are not included in the analysis since they are not part 
of the Ranging Equipment. Doppler accuracy, (discussed in Paragraph 4, 9) does 
Include error due to MFR VCO phase noise (due to additive input tnermal noise) , how - 
«'ver. 
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Talie 4. 8. 2-1. Random Doppler Instrumental Error Summary 



RMS ERROR 

ERROR SOURCE 

DEGREES 

CYCLE 

DOPPLFR EXTRACTOR 



Combined Processing 

1.0 

0. 002' 

DOPPLER MULTIPLIER 



Reference Frequencies 

1.0 

0. 0028 

PLL VCO 

1.8 

0. 0050 

DOPPLER COUNTER 



Digital Circuitry 

0.7 

0.0020 

Quantizing 

0. 1 

0. 0003 

RSS Cycle Count Error 

2.40 

0.0067 

RSS Interval Count Error 

3.40 

0.0094 


4. 3. 2. 1 DOPPLER EXTRACTOR PROCESSING. The Doppler Extractor (Figure 

3.2.13- 1) performs frequency multiplication, division, and mLxing of various input 
signals to obtain the bias-plus-doppler-data signal. This signal processing can intro- 
duce phase noise, primarily due to imperfect suppression of undesired products 
(spurious signals). The Dcppler Extractor has been designed to minimize these 

^ ^ ^ ~ ^ ^ 4.\^ A u:— aO ^ Un 

W ^ 4 4 ^ A V./ 4^ A ^ 4 4A W • 4* w . ^ > 4 « A 4 4^ W A A N./ ^ V.^A A« W A4a4>^ ...... 

been allowed for the Doppler Extractor. This is the error present at its output and 
corresponds to 2. 8 counts rms error at the Doppler Counter output. 

4. 8. 2. 2 DO-‘*PLER MULTIPLIER PROCESSING. The Doppler Multiplier (Figure 

3.2. 14- 1) performs mixing and PLL frequency multiplication of the bias plus doppler 
data signal. 

REFERENCE FREQUENCIES - MLxing (frequency translation) is performed using 
reference frequencies from the Fixed Frequency Synthesizer. As in the Doppler 
Extractor, these reference frequencies can introduce phase jitter into the doppler 
flata due to spurious signal presence. A combined error of 1. 0' rms, referred to the 
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Doppler Multiplier input, has been allowed. This corresponds to 2. 8 counts rms a' 
the Doppler Counter output. 

PLL VCO - VCO phase jitter due to self -noise is a princijjal error source. This noise 
is reduced due to feedback, and will have a residual error (after feedback reduction) 
of less than 1. 25 cycles rms at the Doppler Multiplier output. This corresponds to 
1.25/250 = 5/1000 cycles (1.8®) error at the Doppler Multiplier input. 

4.S.2.3 DOPPLER COUNTER 


DIGITAL CIRCUITRY - The Doppler Counter accumulates a count which equals 250 
times the number of whole cycles of input -bias -plus -doppler. In addiiion, the counter 
determines the number of l/4-cycle increments at each sample time. This combines 
to give an increment the size of 1/1000 cycle of the input -bias-plus-doppler frequency. 
Ideally, the counter would contribute no error other than the quantizing error discussed 
below. To allow margin due to the high counting speeds, however, an error of 2 
counts (2/1000 cycle) rms is arbitrarily assigned. 


QUANTIZING - Data is sampled regularly at a 10 pps rate. The quantizing error due 
to the 1/1000 cycle increment size is: 


O' 

q 



0. 0003 cycle rms 


4. 8. 2.4 SUMMARY - The random errors discussed above are assumed to be uncor- 
related over a 0. 1 second or longer interval. The resultant cycle count error at any 
sample time is obtained as the RSS of the random errors and is gi en in Table 4. 3. 2-1. 


The error in cycle measurement over any sampling interval of 0. 1 second or greater 
is the RSS of the errors for each sample or: 

RSS Interval Count Error - cycle count error 

This value is also given in Table 4. 8. 2-1. 

As a matter ot interest, the rms frequency and range rate measurement errors are 




A t 


2f 
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where* 


= RMS frequency measurement error 
<T^ - RMS phase measurement error (cycle count error) 

At - Time interval of measurement 


O' • = RMS range rate measurement error 

R 


C = V'elocity of propagation 


f - Carrier frequency 


If f^j = 2250 MH ,At = 0. 1 seconds and - 0.0«J67 cycle, then 


and. 


<r^ = 0. 094 Hz 


a • = 0.0063 meter/sec. 
R 


4.S.3 DOPPLER ACCURACY 

Doppler accuracy consists of the Ranging Equipment Doppler instrumental accuracy 
plus the effects of receiver (MFR) VCO phase noise. The effects of VCO phase noise 
on cycle count, interval count, frequency, and range rate are: 


(o>) 


VCO 




VCO 


2 jr 




VCO 


^/2 (Og) 


N^«X0) 


VCO 


VCO 




(a^) 


VCO 




VCO 


•JT{qq) 


VCO 


At 


27T At 


(a^) 


J2C (Off) 


VCO 


C 

c VCO 


VCO 


An f At 
c 
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where. 


(a 0 ) = RMS cycle count error (cycles) 

VCO 

(o^) = VCO rms phase noise (radians) 

* VCO 

(a,^) “ RMS interval count error (cycles) 

^ VCO 

(oJ = RMS frequency error (Hz) 

* VCO 

At = Sampling interval (seconds) 

(<^d) - RMS range rate error (meters/sec) 

VCO 

^ Carrier frequency (H^) 

C = Velocity of prop>agation 


(ffg) - 1 radian 

VCO 

At - 0. 1 second 

f = 2250 MHz 

c 

s 

c - 3 X 10 meters/sec 

then, 

{(Ttp) 0. 159 eye 

VCO 

(a ) = 0.225 eye 

VCO 
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0. 15 meters/sec 


A graph of range rate accuracy, which incluctes the Ranging Equipment instrumental 
errors, plus the effects of MFR VCO phase noise, is given in Figure 4. 8. 3-1. The 
graph is for a sampling interval of 0. 1 seconds. 




Figure 4. 8.3-1. Range Rate Accuracy 




5 . 


DESIGN VERIFICATION TESTS 


Design verification tests were accomniished on three units; S/N 1 (Engineering Mod- 
el), S/N 2 (first production unit), and S/N 13 (random selected production unit). 

Tliese design verification tests were performed in the Bypass Simulate mode in ac- 
cordance with the test procedure of Appendix B. The results are presented in Appen- 
dix C. 
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1.0 

1.1 


INTRODUCTION 
PURPOSE OF TESTS 


These tests are to demonstrate compliance of the equipment with the requirements of Goddard 


Space Fi ght Center specification S-813-P-19 as modified by Contract NAS5-20456, Amend- 
ment No. 1. 

1.2 SIMULATED INTERFACE 

Simulated interfaces are used for all signals furnished by. or distributed to, portions of the 
system not available at the place of test. 

All signal interfaces will be provided by the built-in simulator of the system. 

Logic level interfaces are provided by a special STDN Ranging Equipment test set General 
Dynamics par. number 2106960. For this reason, unless otherwise specified, the system will 
be in the STATIC, BYPASS SIMULATE mode under LOC.AL control for the duration of the test. 

Where it is necessary to re 'ord a large number of data points, the Range and Dc^pler data 
will be recorded on a Sangamo Model 3500 recorde.' and the recorded data will be analyzed by 
computer at a later time. The test set ccmverts the 'ra'lel data to a serial stream suitable 
for recording. 

1.3 RECORDING OF TEST RESULTS 

All tests results will be recorded on a separate data sheet, with the exception of the TDF 
data which is recorded on tape. The reduced tape data will be recorded on the data sheet. 

A copy of the computer printout, from which the data Is reduced, will be provided for 
NASA and Quality Assurance. 

1.4 TEST EQUIPMENT 

The following is a list of equipment needed to complete the tests. Equivalent items may be 
substituted; 



ITEM QTY DESCRIPTION' 



1 

1 

Tape Recorder, Sangamo Model 3500 


2 

1 

IRIG B Time Code Generator 


3 

1 

Oscilloscx^ Tektronix 475 Oscilloscope 


4 

1 

Computing Counter HP5360A 


5 

1 

Time Inter'.'al Unit, HP5379A 


6 

1 

RF Voltmeter, HP413A 


7 

1 

Spectrum Analyzer, HP8551A/851A 


8 

1 

Test Set, General Dynamics/ Electronics P/N 2106960 


9 

3 

Attenuator, Kay Model 30-0 


10 

1 

Noise Generator, GD/Electronics P/N 2106988 


11 

A/R 

Tape for Recorder, Scotch 871-1-3600 IRH 


12 

1 

Frequency Synthesizer, HP5105A 

1 

13 

1 

Synthesizer Driver, HP5105B 


14 

1 

Signal Generator, HP606A 


15 

1 

Power Supply +5V, 7 Amps 


16 

1 

Power Supply ^-5V, 3 Amps 


17 

1 

Power Supply -7.4V, 250 mA 


18 

1 

Ammeter, W'eston 901 


19 

1 

Wave Analyzer, HP310A 


20 

1 

HP331A Distortion Analyzer 


21 

1 

Signal Combiner, GD/Electronics P/N 2106987 


22 

1 

Power Meter, HP431C 

2.0 

MECHANICAL REQUIREMENTS 

2.1 

CHASSIS SLIDES 



Visually inspect ail chassis and insure that they are equipped with quick -disconnect t>pe chassis 
slides NOTE: The fixed frequency synthesizer is not equipped with chassis slides. 

2.2 CABLE RETRACTORS 

Visually inspect all chassis on slides and insure they are equipfjed with cable retractors. 

2.3 GENERAL ADHERENCE TO SPECIFICATION 

I 







% 


▼ 



2.3.1 SWITCHES 

Verify that all critical switches are guarded to prevent the accidental changing of state while 
not introducing an unusual burden in the normal operation of the switch. A critical switch is 
one which, if accidentally thrown, would require an extensive calibration of the system or 
interfere with the operation of the system. 

2.3.2 MARKING 

Verify that all front and rear chassis marking will be suitable to insure durability in the field. 


3.0 FUNCTIONAL REQUIREMENTS 

3. 1 AC POWER INPUT 

Verify that the equipment operates off a two (2) wire, 60 Hertz, 115 Volt AC line. 

3.1.1 ELAPSED TIME INDICATOR 

Verify the presence of an elapsed time indicator on the power control panel and that the meter 
increments in tenths of hours. 

3. 1. 2 POWER ON INDICATOR 

Verify the presence of an AC power on indicator on the power control panel. Also verify that 
the indicator illuminates when the master circuit breaker is on and extinguishes when the 
master cir- uit breaker is off. 

S.'.i POWER SUPPUES 

The f*"!!' t®5fs demonstrate that the power supply meets the requirement of the specifica- 
tion. For. laajority of the cases, vendor data will be used to verify the power supply 

perforiiiaace. 

3.2.1 CURRENT DRAIN 




In this test, he actual current on the supply is measured with an ammeter ;;nd 
is compared with the rated current of the supply as shown in the vendor data. The measured 
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value will be less than the 0.8 rated output value. 


Rated Output 


0 . 8 Rated Output 


+15V 
-15V 
+5V * 
-5.2V 


6 Amps 
5 Amps 
45 Amps 
15 Amps 


-t-24V Relay & Lamps 10 Amps 

-t-24V Signal 3 Amps 


4.8 Amps 
4.0 Amps 
36 Amps 
12 Amps 
8 Amps 
2.4 Amps 


3.2.2 VOLTAGE INPUT 

Demonstrates power supplies operate with an input voltage varying between 105V AC to 
125V AC. See vendor data. 

3. 2. 3 CURRENT LIMITNG & SHORT CIRCUIT PROTECTED 

Demonstrates power supplies provide current limiting and short circuit protection. See vendor 
data. 

3.2.4 ADJUSTABILITY 


By visual inspection, verify that adjustment controls for the power supplies are screwdriver 
type adjustments. 


3.2.5 


REGULATION 


Demonstrates that with worse case line and load regulation will be less than 0.1 percent of full 
load. See vendor data. 


* On two lines. Measure each line separately and sum for measured output. 
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3.2.6 


FUSING 


By vibual inspection, verify that each output is fused separately. 

3.3 RANGE TONE GENERATOR 

The following tests demonstrate that the Range Tone Generator meets the requirements of the 
specification. Simulated inputs for the Station Frequency Standard and Station Timing Signals 
are used. 

3.3.1 STA nor FREQUENCY STANDARD 

The frequency standax'd for the test is simulated by a HP Model 51U5A frequency synthesizer. 
Verify that the signal J_9 (System) has the following characteristics: 


Frequency: 

Output into 
50 ohms: 


5.0 MHz as set on front panel of the synthesizer. 
2V peak-to-peak minimum. 


3.3.2 


STAnON TIMING SIGNAL 


A 10 PPS station timing signal is generated from the 1 MHz fixed frequency output of the H.P. 
synthesizer. Using an oscilloscope, verify the signal is as shown in Figure 1. The Station 
Timing Signal is available on JIO of the system. 


80 ± 2 ms 


0 ± 0.5V 


20 ±2 
ms 



6 ± 0.5V 


FIGURE 1. 
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In addition, using the HP5360A computing counter, verify that the pulse rise time is 10 nano- 
seconds or less. See Figure 2. 


0 ± 0. 5V 


-2.5V 


-5.5V 


-6 ± 0.5 


10 nanosecond 
maximum 

FIGURE 2. 

NOTE: This signal is frequency coherent with the 5 MHz station frequency standard. 

3.3.2. 1 SYNCHRONIZATION OF REFERENCE PULSE TO TIMING SIGNAL 

lliis test demonstrates that the internal 10 Hz reference is stable to the simulated 
station timing signal to within ± 25 nS. See Figure 3. The reference pulse is mon>*ored at 
Block 48, IC Ull Pin 4. Record both the stability and average value of the delay. 


tdj- 25 NS 


U- 

.tdi + 25 NS 


Reference Pulse 
(Range Read) 


Station Timing Input 
( JIO - System) 


Relerence Pulse 
(Range Read) 


FIGURE 3. 
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3. 3.2. 2 


LOSS OF SYNCHRONIZATION 


This test demonstrates that if the reference pulse and station timing pulse are not synchronized, 
the SYNC LOSS indicator will illuminate. Loss of synchronization is demonstiated by shifting 
the Simulated Station timing signal . 

To perform the test, the station timing signal is inserted into the t^ input of the computing 
counter, and the reference pulse is inserted into the t^ input of the counter. Vary the 5 MHz 
output of the frequency synthesizer by a small amount, and the time interval display will 
vary. When the time diffeience exceeds the tolerance, the SYNC LOSS light will illuminate. 

See Figure 4. The time stability should not exceed ± 25 NS, 




Station Timing 
(Scope Sync) 


Reference Pulse 
(Range Read) 


j < ± 25 NS 
“*I Window 


FIGURE 4. 


Set the frequency s)mthesizer output to exactly 5 MHz. Press the SYNC IX^S button and observe 
that the SYNC LOSS light remains out, verifying that the system is re -synchronized. 

Disconnect the synthesizer output from J9. For all remaining tests, both the system and system 
test set will operate from the 5 MHz laboratory standard which is derived from an H.P. 107 AR 
quartz oscillator. 


3.3.3 


RANGE TONE OUTPUT 


These tests demonstrate that the range tone outputs meet the requirements of the specification. 
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3.3.3. 1 


AMPLITUDE 


Press the Modulation ON/OFF switch to "ON" and turn on the 20 kHz tone and the 100 kHz tone. 
Observe the output from the interface panel J17 on the oscillosco^ e terminated with 500 . Va: ^ 
the Modulation Level control pot and check for level control from 4 Vpp to »0 Vpp. System is 
in the NORMAL of operation for this test and the following two tests. 

3 . 3 . 3 . 2 HARMONIC CONTEN T 

With only the 20 kHz tone on, adjust the Modulation control pot for 1 Vpp. Switch the output from 
the oscilloscope to a HP331A distortion analyzer. Distortion will be less than 1%. Repeat for 
the 100 kHz and 500 kllz major tones. Repeat all readings with the Modulation Contra'’ pot set 
at 2 Vpp. 


3. 3. 3. 3 RESPONSE TO START COMMAND 


This test demonstrates that the Range Tone Generator outputs signals upon receipt of a 
START command. 


A. Select 500 kHz as a major tone; all minor tones are off. 

B. Set START/RESET control to RESET. 

C. Monitor the Range Tone Output (J17) with a scope and observe 
that no signal is present. 

D. Depress START/RE JET control and observe on the scope that 
a 500 kHz signal is now present. 


3. 3. 3. 4 AUTOMATIC SEQUENTIAL OPERATION OF MINOR TONES 


This test demonstrates that once the major tone is selected, the minor tone, including ARC, 
will start at the next lowest frequency and automatically sequenc ? down until the ARC is 
locked. The test will demonstrate starting from each of the three (3) major tones. Note 
ARC USE/BYPASS control is in the "USE" position and the system is in the SIM mode of 
operation. 
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TABLE I. 


MAJOR TONE SELECTED MINOR TONE SEQUENCER 

500 kHz 100 kHz »ARC 

100 kHz 20 kHz »ARC 

20 kHz 4 kHz ►ARC 

Front panel lights are monitored to verify the operational sequence. Verify that the major 
tone selected remains on during the sequencing of the minor tones. Sequencing is complete 
when the RANGE AGO COMP indicator illuminates. 

3.3.5.5 MANUAl OPERATION OF MINOR TONES 

This demonstrates the operation of the AUTO/MAN switch and verities that in the MAN posi- 
tion, the minor tones do not automatically sequentially advance once the start butUm is 
depressed. Fitmt panel lights are numitored to verify system performance. 

A. Place the START/REfET control to the RESET position. 

B. Place the AUTO/MAN ctmtrol to the MAN position. 

C. Select 5C0 kHz as the only i< I'r on. 

D. Place the START/HESET control to the START position. 

E. Verify tha. the LOCK indication on the 300 kHz control illuminates and that 
no other tone illuminates. 

3.3.3. 6 ELIMINATION OF ARC IN MINOR TONE AUTOMATIC SEQUENTIAL OPERATION 

This test demonstrates the ability of the system to delete the ARC as a n.inor tone during 
an otherwise normal automatic sequential system operation. 

A. Place the START/HESET control to the RESET position. 

B. Place the AUTO/MAN control to the AUTO position. 

C. Place the ARC USE/BYPASS control to the BYP.ASS position. 

D. Select 20 kHz as the major range tone . 

E. Place the START/RESET control to the START positi 
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F. Observe that the 20 kHz LOCK indicator illuminates and that the 

4 kHz, 800 Hz, 10 Hz LOCK indicator sequentially illuminate. Sequencing 
is completed wlien the RANGE ACQ COMP indicator illuminates. 

3. 3. 3. 7 MANUAL OPERATION OF MINOR TONES 

With the AUTO/MAN Switch in the MAN positioi, verify that each of the minor tones can be 
selected and that after all of the minor tones have been acquired that the RANGE ACQ COMP 
indicator will illuminate when pressed. 

3.4 RANGE DEMODULATOR 

3.4.1 ANALYZER CALIBRATION 

Perform a signal substitution procedure utilizing an HP-608 signal generator to calibrate a 
spectrum analyzer at a frequency of 110 MHz and a level of -33 dBm. 

3.4.2 INDEX SETTING AT 1.5 RADIANS MODULATION INDEX 

Disccmnect the coax cable from the 30 dB attenuator, AT 1, within the H. F. Processor. 

Connect the cable to the spectrum analyzer. Operate in the Simulate /Bypass mode and modulate 
with a 500 kHz tone. Adjust R58 on A9 for each first order sideband at 0. 75 dB above the 110 
MHz carrier. Adjust R58 on A9 in the H.F. Processor for a 110 MHz carrier level at -53 dBm. 
NOTE: The front panel control may also be used to adjust the modulation index. 

3.4.3 ALC CHE LK AT 1.5 RADIANS 

Reconnect the coax cable to attenuator, AT 1. Allow the tone tracking loop to lock (in the L. F. 
Processor). Measure and record the AC voltage at J5 of the L.F. Processor with a wave 
analyzer. Set the wave analyzer bandwidth to 1000 Hz. 

3.4.4 INDEX SETTING A\ 0.2 RADIANS MODULATION INDEX 

Repeat 3.4.2 only adjust for each first order sideband to be 20 dB below the 110 MHz carrier 
and then adjust the 110 MHz carrier for a level of -53 dBm. 
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3.4.5 


ALC CHECK AT 0.2 RADIANS 


Rt'couneci the coax cable to attenuator, AT 1 . Allow the tone tracking loop to lock. Measure 
and record the AC voltage at J5 in the L. F. Processor with the wave analyzer. Set the wav*’ 
analyzer Ijandwidth to 1000 Hz. 

3.5 RANGE DATA 

This series of tests demonstrate that the Range Extractor meets all the requirements of the 
specification. The system is in the BYPASS SIMULATE mode for the duration of the test. 

3. 5. 1 TEST MODULATOR CALIBRATION 

Calibrate the Test Modulator as in paragraph 3.4, only adjust the front panel Modulation 
Level Control pot for each first order sideband 16.4 dB below the 110 MHz carrier (.3 radian 
modulation index). Adjust the 110 MHz carrier to a level of -33 dBm. Turn on a second tone 

100 kHz and adjust R58 of A 9 within the H. F. Processor to bring the 110 MHz 

carrier back to -53 dBm. Reconnect the coax cable to attenuator AT 1 within the H. F. 
Processor. 

3.5.2 RANGE SIMULATION CAPABILITY 

3. 5.2.1 

Set the Static Range Select lo 0 nS. Start the system to obtain range data while operating in 
the BYPASS SIMULATE Mode utilizing a 500 kHz .najor range tone. In small increments, adiust 
the Range Calibration to obtain 0 nS range display. Observe that the smallest increment on the 
display is 1 nS. 

NOTE: The INSERT DATA CONTROL must be depressed to enter data into the system. 

3. 5. 2. 2 ADJUST RANGE SELECT FOR 3,333,330 nS 

Set the Static Range Select to 3,333,330 and press INSERT DATA. Restart the system and 
after acquisition, observe a Range display of approximately 3,333,330 nS. 










3 . 3 . . 3 ADJUST RANGE SE LECT FOR 1 , G98 , 333 nS 

Set the Static Range Select to 1,698,333 and press INSERT DATA. Restart the* system and 
after acquisition, observe a range display of approximately 1,698,333 nS. 


3.3.3 


STRONG SIGNAL DATA 


3.5.3. * 500 kHz RESOLUTION 

Connect the tape recorder equipment to the Data Out Jack, J26, on the test set. Start the 
system to obtain range data utilizing a 500 kHz major range tone while operating in the BYPASS 
SIMULATE mode. Select an initial range of 1,698,333 nS and record data tor 30 seconds. After 
the data has been analyzed by computer, calculate and record the RSS system error using the 
following equation: 

r 2 2I 

error = |(Ideal Value - Average Value) (Std. Dev.) I 


3 . 5. 3. 2 100 kHz RESOLUTION 


Repeat 3.5.3.1 only use a 100 kHz i 


ange tone. Change zero set calibration as necessar>\ 


3. 5. 3. 3 20 kHz RESOLUTION 

Repeat 3.5.3. 1 only use a 20 kHz major range tone. Change zero set calibration as necessary. 


3.5.4 


NOISE DATA 


3.5.4. 1 CALIBRATION OF THE NOISE GENERATOR 

Set up the test modulator for an index of 0.2 radians. On the 2] ^'^20 board in the L, F. 
Processor, remove relay K1 and place a jumper betv.een pins > '4. Set up test as shown 

in Figure 3. With maximum attenuation on the noise and using a . Hz BW on the wave analyzer 
at 500 kHz, read the voltage on the analyzer and record the value. Adjust R72 of AT within 
the L.F. Processor for a reading of 0.56 mv. Place the system in the NORM SIM mode ot 
operation. 

3.5.4. 1.1 Ciiange the wave analyzer bandwidth to 5000 Hz and tune to 350 kHz then adjust 
the attenuator for a voltage reading of 97 mV (^-50 dB - Hz) and record the attenuator setting. 
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3. 5.4. 1.2 Repeat 3.5.4. 1.1 for readings of 0.17 mV (-45 dB - Hz), 0.31 mV (+40 dB - 
Hz), 0.55 mV (+35 dB - Hz), 0.97 mV (+30 dB - Hz), 1.73 mV (+25 dB - Hz), 3.08 mV 

(+20 dB - Hz), 5.47 mV (+15 dB - Hz), 7.73 mV (+12 dB - Hz) and 9.73 mV (+10 dB - Hz). 

Record all attenuator settings. Readjust R 72 of A7 within the Low Frequency Processor 
for the initial reading in paragraph 3.5.4. 1. 

3.5.4.2 500 kHz RESOLUTION 

3.5.4.2.1 +50dB-Hz 

Adjust the attenuator corresponding to +50 db - Hz and reconnect tlie c >ax cable to the K. F. 
Processor. Insure that the tone loop locks and the range readout is approximately 1,698,333 nS. 
Record 30 seconds of range data. 

3. 5. 4. 2. 2 +45dB-Hz 

Adjust the attenuator corresponding to -r45 dB - Hz and record 30 seconds of ran^e data. 

3. 5. 4. 2. 3 +40dB-Hz 

Adjust the attenuator corresponding to -40 dB - Hz and record 30 seconds of range data. 

3. 5.4. 2.4 +35 dB - Hz 

Adjust Ihe attenuator corresponding to +35 dB- Hz and record 30 seconds of range data. 

3. 5.4. 2. 5 +30 dB - Hz 

Adjust the attenuator corresponding to +30 dB - Hz and record 30 seconds of range data. 
3.5.4.2.G +25 dB - Hz 


Adjust the attenuator coriesponding to <-25 dB - Hz and record 30 seconds of range data. 
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3. 3.4. 2. I 


iO dB - Hz 


Adjust the attfenuator corresponding to t 20 dB - Hz and record .‘:0 seconds of range data. 


3. 5.4. 2. & 


-15 dB - Hz 


Adjust the attenuator corresponding to +15 dB - Hz and record 30 seconds of range data. 


3. 5.4. 2. 9 


+10 dB - Hz 


Adjust the attenuator cor rc- spending to +10 dB - Hz and record 30 seconds of range data. 

After the preceding range data has been analyzed by computer, calculate and record the error on 
the data sheet. 


3. a. 4. 3 


100 kHz RESOLUTION 


Repeat paragraph 3.5. .2. 


3. 5.4.4 


20 kHz RESOLUTION 


Repeat paragraph 3. 5.4. 2. 


3. a. 5 


ACQinSITlON TIME 


Cs'ng a time interv^al counter measure the acquisition time for a medium and a strong signal; 
the time for a weak signal is sufficiently long that a stopwatch must be used. The T1 input to 
the counter is the system start command at block 10 IC 8 pin 1 of the Digital Processor. The T2 
input to the counter is the range acquisition complete signal at block IG IC 4 pin 11 of the Digital 
Processor. Both signals are positive edge activated. 

NOTE: The ARC USE /BYPASS switch will be in the USE position for all of the tests. 


3. 5.5. 1 


MEDIUM SIGNAL 


Set the STATIC RANGE SELECT to 900,000. Adjust the attenuator corresponding to -40 dB - Hz. 
Operate in the BYPASS SIMULATE mode utilizing a 500 kHz major range tone. Record the time 
as read on the counter. 


3. 5. 5. 2 


WEAK SIGNAL 


Set the STATIC RANGE SELECT to 2,900,000. Adjust the attenuator corresponding to +12 dB - Hz 
and check to see that the system acquires, by monitoring the RANGE ACQ COMP indicator. There 
is no limit on the acquisition time for a weak signal. The acquisition process will take approxi- 
mately 14 minutes. 


tIZC I CODE lOCNT NO. ORAWINQ NO. 

A t24M 210G013 



tCALt 



I 





t 


3. 5.5. 3 STRONG SIGNAL 

Reconnect the coax cable to attenuator ATI within the H. F. Processor. Set the STATIC RANGE 
SELECT to y0,000. Change the modulation index to 0.5. Start the system and record the time 
it takes the system to acquire. 

3.3.6 DYNAMIC ERROR 

Select the dsmamic range simulate mode with -225 kHz of doppler and record 30 seconds of data. 
The RAS thumbwheel should be set to 22500 for this test. Return the system to the STATIC range 
mode after this test. Calculate the error using the same equation used to determine the range 
error. The ideal value is 10,000 NS. 


3.5.7 OUTPUTTING OF DATA 

The signal that si gnifi es that both the range and doppler information are ready for ou^utting 
to the TDF is called "DATA AVAILABLE". Mcmitor the "DATA AVAILABLE" signal from 
J27 on the test . and synchronizing off the station timing signal, JIO (system), verify the 
waveform is as .shown in Figure 6. 




{ 


\ 

( 

♦ 



Data Ready 


FIGURE 6. 

3.5.8 AMBIGUITY INTERVAL 

Using the ARC Generator, the code is 1023 bits clocked at a 160 Hz rate, giving a repetition 
rate of 6.39375 seconds. A code length of 6.39375 seconds provides an ambiguity resolving 
capability of 958,000 kM which far exceeds the 500,000 kM specification limit. 







3.6 


DOPPLER EXTRACTOR 


Th s series of tests demonstrates that the system meets all the requirements of obtaining 
doppler data. The system will be in the BYPASS SIMULATE mode for the duration of the tests. 
Inst: nianeous range accuracy will be shewn using the front panel readout of the system. Data 
at the TDF output will be placed on tape and analyzed later for accuracy requirements. 

3.6. 1 DOPPLER ACCURACY & RESOLUTION 

Set in frequencies of 0, i 115.775 kHz and ± 218.775 kHz. Record the output at each frequency for 
approximately 30 seconds. The front panel readout will be used to give the prelinunary infor- 
mation that the system is functioning properly, the tape ill be analyzed later to insure all 
of the requirement, have been met. The same equatioi used to calculate range error will 
be used to calculab Doppler error. 

3. 6. 2 CONTINUOUS COUNT CAPABIUTY OF DOPPLER COUNTER 

The maximum frequency into the Doppler counter is 117.5 MHz. If the counter were allowed 
to count for 10 minutes, the count would be: 


117,5 X 10 


6 


7 

pulses X 60 seconds X 10 minutes = 7050 X 10 
sec min. 


pulses 


39 7 

The TDF interface has 40 bits of binary information where 2 =54,975 x 10 . Therefore, the 

counter could count for a maximum of 78 minutes which far exceeds the 10 minute minimum 
specification. 


3.6.3 TLME TAGGING OF DATA 




This lest demonstrates that the doppler read pulse is stable to within ± 25 nS of the 
station timing signal. See Figure 7. The HP Computing Counter is used to determine the 
time interval between the two signals. Measure and record both the stability of the signal 
and the average value of the delay. NOTE: The DOPPLER SELECT switch must be set 
to -230 kHz. 
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FIGURE 7. 


Doppler Read 


Lr 25nS 



Station Timing 


tci^-t-25nS 


Doppler Read 


The Doppler Read pulse is 10 Hz squarewave located at Block 23 IC U5 pin 5. 


3.6.4 


DIFFERENTIAL DELAY BETWEEN RANGE & DOPPLER READ SIGNALS 


To obtain the differential delay between the Range and Doppler read signals perform the following 
calculation: 

tdj-tdj = td 

Where td^ is the value recorded in step 3. 3. 2.1, and tdg is the value recorded in step 3.6.3. 
Record the value for td on the data sheet. 


3.6.5 


DOPPLER RESET 


This test demonstrates that depressing the DOPPLER RESET control sets the doppler counter to 
zero. Since the doppler is continuously coimting and the reset is assmchronous, to observe the 
output at an exactly zero reading would be a matter of chance. Therefore, a sample of data will 
be taken after the system has been operating and then the reset control will be activated and the 
new count will be lower than the first count. A third reading will be taken which is higher than 
the second count to demonstrate that the counter is indeed advancing. The system will be i'' the 
SIM BYPASS mode and under MANUAL control for this test. 

A. Set the DOPPLER SELECT frequency for 100 kHz. 

B, Press the INSERT DATA control. 
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c. 


Press the DOP RESET control and allow the system to run for 
approximately two minutes. 


I 

I 

r 

h 


t 

i 

s: 

I 

{ 


D. Place the DOPPLER DSPL A/R switch on the test set to the DISPLAY A 
position. 

E. Depress the DOPPLER READ control on the test set and record the 
doppler readout on the test set as Nl. ** 

F. Depress the DOPPLER RESET control on the Digital Processor front 
panel, then quickly depress the DOPPLER BEAD control on the test 
set. 

G. Recoi d the doppler readout on the test set as N2. ** 

H. Place the DOPPLER DSPL A/B switch on the test set to the DISPLAY B 
pcsition. 

I. Record the doppler readout on the test set as N3. 

Verify from the data sheet that Nl is much larger than N2 and that N3 is larger than N2. 

The N2 sample is the closest sample to the reset command and the N3 sample is the readout 
immediately proceeding the N2 sample . 

3.7 EQUIPMENT INTERFACES 

This section of the procedure verifies that the system fulfills all of the interface requirements 
specified in the specification. The system will be in the NORMAL mode for the duration of 
the test. 

3.7.1 EXCITER INTERFACE 


I 



\ The following tests demonstrate that the system fulfills all of the exciter interface require- 

. ments. The modulation input interface has previously been tested in Section 3.3, 






3. 7. 1.1 EXCITER READY STATUS 

Place the EXCITER RDY switch on the test set to the ’’ON’* position. Obsei've that the "RF 
READY^^ indicator on the Digital Processor is illuminated. Place the switch to the ”OFF^^ 
position and observe that the light is extinguished. 
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f 3.7. 1.2 EXCITER REFERENCE OUTPUT 

f 

{ Place the system in the BYPASS SIIVIULATE mode. Measure and record the voltage at 

? A2 A15P3-2 (2106210 board of the High Frequency Processor). 

; Place the system in the NORMAL mode. Insert a 64.43 MHz signal aaving a level of 

-2 dBm into 50 ohms at Jll (System). Measure and record the voltage at A2 A15P3-2. 

The voltage will be within ± 2 dB of the level measured with the system in the BYPASS 
SIMULATE mode. 

NOTE; I eave the signal generator connected to Jll until step 3.7.2 is completed. 

3.7.2 MFR INTERFACE 

3.7.2. 1 VCXO INDICATOR, A3C, PHASE LOCK INTERFACE 

The following test verifies the VCXO, AGC and Phase Lock outputs of the MFR. Verify that 
! the results of the test are as shown in Table II. 


TABLE n 


1 SYSTEM TEST SE T SWITCHES 

MFR VCXO 1 

AGC 1 

AGC 2 

MFR LOCK 1 

MFR LOCK 2 

Man/Auto 

VCXO 1 

VCXO 2 

** 

^ ^ ^ 




MAN 

ON 

OFF 

— 

— 

— 

— 

MAN 

OFF 

ON 

Max 

Min 

ON 

ON 

AUTO 

ON 

OFF 

^ Min 

Max 

ON 

ON 

AUTO 

OFF 

ON- 

Max 

Max 

ON 

OFF 

AUTO 

ON- 

OFF 

Max 

Max 

OFF 

ON 

AUTO 

OFF 

1 

ON 


A The system must be reset and returned to start after changing the AGC level. 
” Indicates a "don't care" condition. 
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3. 7. 2. 2 MFR IF OUTPUT 

To verify proper connection between the non-simulated IF output and the input to the Range 
Demodulator, place the system in the NORMAL mode and insert a signal at 110 MHz with 
a level of 0 dB into 50 ohms at J13 (System). Measure the level at the input to the Range 
Demodulator and insure that the insertion loss is less than 3 dB. The input to the Range Demodu- 
lator is A2 J59 (J59 In the H. F. Processor). 


3. 7. 2. 3 


VCXO SIGNAL INPUT 


Place the system in the NORMAL mole and insert a signal at 132.4 MHz and +2 dBm into 
50 ohms into the VCXO 1 input J14 (System). Place the MFR VCXO control on High Frequency 
Processor to MAN f: VCXO 1. Measui-e the voltage at Af A20P3-4 (2106320 board in the High 
Frequency Processor). The voltage will be 0 dBm minimum. 

Check the operation for the VCXO 2 signal by placing the 132.4 MHz signal into J15 (System), 
and placing the VCXO 1/VCXO 2 switch to VCXO 2. Measure the voltage at A2 A20P3-4. The 
voltage v*ill be 0 dBm minimum. 

NOTE : The VCXO indicators were checked in Section 3 . 7 . 2 . 1 . 

3 . 7 . 2 . 4 MFR SYNTHESIZER INPUT 

With the L-ystem in the BYPASS SIMULATE mode, measure and record the voltage at 
A2 A12P3-3 (2106230 board of the High Frequency Processor). 

Place the system in tL.; NORMAL mode and insert a signal into J16 (System) at 170.6 MHz 
with a level of +2 dBm into 50 ohms. Measure and record the voltage al A2 A12P3-3. The 
voltage will be within ± 2 dB of the level measured with the system in the BYPASS SIMULATE 
mode. 

3.7.3 TRACKING DATA FORMATTER 

These tests demonstrate that the system meets the Interface requirements to i,he Tracking 
Data Formatter. The test simulator is used extensively during this test. The system shall 
be in the BYPASS SIMULATE, LOCAL CONTROL mods of operation during this t.st. 

NOTE: For this test, only indicators in the TDF MONITOR section of the test set 
will be observed. 
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3. 7. 3.1 RANGE DATA 

Data to demonstrate long term range accuracy is recorded and analyzed with a computer. 
For a visual check of the TDF output, the range can be readout on the test set range readout 
and compared to the front panel readout of the system. 

3. 7. 3. 2 DOPPLER DATA 

Data to demonstrate long term doppler accuracy is recorded and analyzed with a computer. 
For a visual check of the TDF output, the doppler frequency can be read out on the test set 
doppler readout and compared to the front panel readout of the system. 

3. 7. 3. 3 RANGE GRANULARITY 


Depending on the major tone selected, the following inc*' 
See Table III. 


test set shall illuminate. 


TABLE lU. 


MAJOR TONE SELECTED 


TEST SET INDICATOR ON 


500 kHz 


100 kHz 


20 kHz 


3. 7. 3. 4 RANGE ACQUIRED ! 

I 

When the range is acquired, the RANGE ACQ indicator on the test set will illuminate. The 'R'-''GI 
ACQ COMPL" indicator on the Digital Processor will also illuminate. ] 
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3. 7. 3. 3 


DOPPLER CXX)D/:3AD 


§ 

I 


Wlien doppler data is good, the DOPPLER GOOD indicator on the test set will illuminate. 

When the data is bad, the indicator will exti..guish. The indicator can be forced to either 
condition by the LOCK 1, LOCK 2 switches on the test set. These switches simulate the MFR 
LOCK signk. When LOCK 1 and LOCK 2 are OFF, the DOPPLEx. BAD indicator will Uluminate 
When LOCK 1 and LOCK 2 are ON, the DOPPLER GOOD indicator will illuminate. 

3. 7. 3. 6 DOPPLER 01.£ WAY/TW'O WAY 

When the '’one -way /two way” switch on the Digital Processor front panel is in the "one-way” 
position, the 1-WAY indicator on the test set will illuminate. W'hen the switdi is in the "two- 
way" position, the 2 -WAY indicator on the test set will illuminate. 

3. 7. 3. 7 MODULATION ON/O/F 

When file modidation is OFF 'OD ON indicator on the test set will be extinguished. If 
the modulaac.. switch is in the position, the indicator will illuminate. 

3. 7. 3. 8 DATA READY 

When the Ranging Equip at is operating and data is available, the DATA READY indicator 
on the test set will flash on and off at a 10 Hz rate. 

3.7.3.C VCO CHANGE /DOPPLER BAD 

Moiiitor J35 on the test set with a scope. Depress the RESET button on the DIGITAL 
PPOCESSOR and then place the system in the START mode. Observe that the pulse is as shown 
in Figure 9. 


h" 100 mS Min.“| 


FIGURE 9 . 
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3.7.4 COMPUTER INTERFACE 

This test demonstrates that the system interface fulfills the requirement of the specification. 

3. 7. 4. 1 COMPUTER CONTROLLED & MONITORED FUNCTIONS 

The following functions are both controlled and monitored by the conq. ater. For these func- 
tions, the system test set wiP be used to place the system in a certain mode and indicators 
on the test set and system will monitor that the function has indeed been selected. Set 
switches and monitor indicators as shown in Table IV. 

The system is in the Computer Control Mode for this test. 

3. 7. 4. 2 COMPUTER MONITORED FUNCTIONS 

All of the Computer Monitored functions weic checked in the computer mode of cq>eration in 
Section 3. 7.4.1. In this test, the system is placed in the LOCAL mode and the system is 
manually operated and outputs to the computer are monitored by indicators on the test set. 
Set switches and verify indicators as shown in Table V. 
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TABLE IV. 


FUNCTK >^ BEING TESTED 


SYSTEM TEST SET 


SWITCH 


SWITCH TO P06. INDICATOR 


1 


SUirt/Hesct 

start /Reset 

A 

Start ON 
Start OFF 

•’START" ON * 

"RESET" ON 

Resolution Tone Selected 

Resolution 

500 

500 

' 500 kHz" ON 


Tone 

100 

100 

"100 kHz" ON 



20 

20 

"20 kHz" ON 

^lo(HIlation ON/OFF 

Modulation 

ON 

MOD ON 

JOD ON" ON 


ON/OFF 

OFF 

MOD OFF 

"Mi^D OFF" ON 

One-way/Two-way Doppler 

Doppler 

1-Way 

1-Way ON 

**1-Way’ ON 


l-way/2-way 

2 -Way 

2 -Way ON 

"2 -Way" ON 

Local Computer Selected 

N/A 

A 

COMP Mode Chi 
Local Mode On 

"COMP" ON 
• LOCAL" ON 

.\RC U^v Bypass 

N/A 

A 

USE ON 

"USE" ON 



BYPASS ON 

"BYPASS" ON 

I*'- IL-;iil-- 

N/A 

N/A 

RF TEADY ON 

HEADY” ON 

Hiii'Ur Ai'quii I’d 

N/A j 

1 

N/A 

Range ACQ ON 

"RANGE ACQ COMPE" ON 


SYSTEM INDICATOR 


;oTI. /\. I'l'c sc f set hiiUui) and insure that RANGE ACQ imUculor on U>e test set and the RANGE ACO COMJ* 

^ indicafn on the system go out. Return button to START position. Syst^« mus^t^-bi^ LOCAL SIM BYPASS 
/‘\ Place the EXCITER READY witch on the test set to the IX5WN position and insure that the RF READY 
* indicators on the system and on the test set go out. Return the EXCITER READY switch to the UP position. 
X\ Momentary Switch. System cliunges state when switch is depressed. 

A l,(XTAL/COMP switch on the system must be activated. 

A ARC USE /BYPASS switch on system must be activated. 


u. 
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TABLE V* 


FUNCTION BEING TESTED 

SYSTEM SWITCH/INDICATOR 

TEST SET INDICATOR 
fCoraouter Monitor Section) 

Start/Reset 

"START" ON 
"START" ON 

START ON 
START OFF 

Resolution Tone Selected 

"500 kHz" ON 
"100 kHz" ON ., 
"20 kllz" ON 

500 ON 
100 ON 
20 ON 

1 Modulation ON/OFK 

"MOD ON" ON 
" MOD OFF" ON 

MOD ON 
MOD ON 

One-way Two-way Doppler 

"One-way" ON 
"Two-way" ON 

Doppler 1-Way ON 
Doppler 2 -way ON 

Local /Computer Selected 

"LOCAL" ON 
"COMP" ON 

LOCAL ON 
COMP ON 

ARC Use /Bypass 

• USE" ON 
"BYPASS" ON 

USE ON 
BYPASS ON 

Ronj;e Aaiuired 

"RANGE ACQ COMPL" ON 

RANGE ACQ ON 

1 RF R« ady /K 

"RF READY" ON 

RF READY ON 


NOTE: 


r>5 


o 

Ci 

o 
»— * 
Cn 



These functions previously tested in Table IV . 

System START/RESET control must be in the START position. 
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STDN RANGING EQUIPMENT 


D.V.T. DATA SHEETS 


SYSTEM S/N date 

OPERATOR 

Q/A REPRESENTATIVE 


SYSTEM ACCEPTED Q 
SYSTEM REJECTED D 


2106015 
Sheet 27 




LIST OF TEST EQUIPMENT 


DESCRIPTION S/N 

Tape Recorder, Sangamo Model 3500 

IRIG B Time Code Generator 

Oscilloscope Tektronix 475 Oscilloscope 

Computing Counter, HP5360A 

Time Interval Unit, HP5379A 

RF Voltmeter, HP413A 

Spectrum Analyzer, HP8551A/851A 

Test Set, General Dynamics/Electronics P/N 2106960 

Attenuator, Kay Model 30-0 

Noise Generator, GD/Electronics P/N 2106988 

Tape for Recorder, Scotch 871-1-3600 IRH 

Frequency Synthesizer, HP5105A 

Synthesizer Driver, HP5105B 

Signal Generator, HP606A 

Power Supply +5V, 7 Amps 

Power Supply +5V, 3 Amps 

Power Supply -7.4V, 250 mA 

Ammeter, Weston 901 

Wave Analyzer, HP310A 

HP331A Distoriior Analyzer 

Signal Combiner, GD/Electronics P/N 2106987 

Power Meter, HP431C 


2106015 
Sheet 28 



APPENDIX C 


STDN RANGING EQUIPMENT 
DESIGN VERinCATION 
TEST RESULTS 


SYSTEM S/N 001, 002, AND 013 





SYSTEM ACCEPTED Q 
SYSTEM REJECTED Q 


I Me u»).r tv AS A«=^c/^ PtSiUD Hc^OcO^ 

LutTN TH& ik.£kiC.AT^ DaT OP TO u • C\«oC>» r»WJf . 

rVLL, C.-\T oP CXifJtJ iT»<»m Or-1 Tmc TAr»t T£ST 

iptO-S. c-\STfcO cw 7HLSE 

L>-*c.tZt Af^c^'c/ o\j tw G or->-y . 
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LIST OF *n:ST EQUIPMENT 


DESCRIPTION 

Tape Recorder, Sangamo Model 3500 

IRIG B Time Code Generator 

Oscilloscope Tektronix 475 Oscilloscope 

Computing Counter, HP5360A 

Time Interval Unit, HP5379A 

RF Voltm.ter, HP413A 

Spectrum Analyzer, HP8551A/851A 

Test Set, General Dynamics/Electronics P/N 2106960 

Attenuator, Kay Model 30 --0 

Noise Generator, GDA^ifectronics P/N 2106988 

Tape for Recorder, Scotch 871-1-3600 IRH 

Frequency Synthesizer, HP5105A 

Synthesizer Driver, HP5105B 

Signal Generator, HP606A 

Power Supply +5V, 7 Amps 

Power Supply +5V, 3 Amps 

Power Supply -7.4V, 250 mA 

Ammeter, Weston 901 

Wave Analyzer, HP310A 

HP331A Distortion Analyzer 

Signal Combiner, GD/Electrordcs P/N 2106987 

Power Meter, HP431C 


STEP 

TEST NO. 

UNITS 

M^^ 

2.1 

— 

Presence oi (Jnt'ssis Sliiies 

Present 

2.2 

— 

Presence oi Cable 
Retractors 

Present 

2.3.1 

— 

Guards on Critical 
:\v itches _ ... 

Present 

2.3.2 

— 

Diuable Mariun*j 

Present 

* 3.1 


Ci/cratlon on AC Input 

Yes 

j-t . 

^ • ji • A 

1 


Presence of Time Keter 

Present 

3.1.2 

— 


Proper 


— 

A.i'ps 

-- - 

a. 2.1 (-15V) 

— 

Amps 

— — 

3.2.1 

— 

Amps 

— 

2.2.1 (-'V.2V) 

— 

Amps 

i 



— 



3.2.1 {*2i\: S»:^Tial) 

— 

Amps 


3.2.2 

— 

Operation at Var AC In 

Yes 

3,2.3 

— 

Current Limit on Supply 

m 

3.2.4 

— 

I^owcr Supply Adjustability 

1 

Yes 

3.2.5 

— 

Line aiul ix>ad Ue^Uatioa 

Yes 


|L*roye.it 


a\ 


3. 


Vci ificiition of FujCii 


i^UC Avcl>iiU 


/<?- < -1 y 


. 1 

MEASURE d1 

MAX 

ACCEPTEP 

RErECTE: 

Bil 

mm\ 

Px'esent 




of< 

Present 




of^ 

Present 

. 1 



Of- 

Present 





Yes 




ok. 

Present 





Proper 





1.8 





4.0 





30 





12 





8 





2.4 





Yes 





Yes 





Yes 





Yes 





Present 







1 


































































STEP 


TEST NO 


UNITS 


MIN 


3.3.1 

— 

Hz 

V P-P- 

5,000,000 

2 

3.3.2 


M.S. 

M. S. 
V p-p 

N. S. 

78 

18 

-5.5 

0 

3,3.2. 1 

— 

N.S. (StabUlty) 

-25 

3. 3. 2.1 tdl 


N.S. 

— 

3. 3. 2. 2 

— 

N.S. 

-25 

3.3.3. 1 

f f 7 

— 

V p-p 

0 


— 

% 

— 








— 

Jk 

— 




CL 




— 


bhshhi^h 

3. 3. 3. 2 (2' 1 2Vpp 

— 

% 

— 

3. 3. 3. 3 (C) 

— 

500 kHz Tone 

Not Present 

3. 3. 3. 3 (D)^ 

— 

500 kHz Tone 

Present 

3.3.3. 4 (500) 

— 

Hange ACQ 

--- 

3. 3. 3. 4 (100^ 


Range ACQ 

— 

3. 3,3. 4 (20) 

--- 

Range ACQ 

— 

3. 3.3.3 

— 

500 kllz 
Minor Tones 

— 

3.3.3. r. 



HHHHHI 

HHHI 

3. 3. 3. 7 (100 kHz) 

— 

100 kHz IND 

— 

3.3.3. 0 kHz) 

— 

20 kHz IND 

— 

3. 3.3.7 (4 kHz) 

— 

4 kHz IND 

Bjjfllllll 





( 2 ) 












































































STF.P 


n.ST NO 


UNITS 


MIN 



( 3 ) 






























































































































STEP 


TEST NO 


UNITS 


J 

3. 3. 4,4. 2 
(20 Mix ciB) 

22 

N.S. 


23 

N.S. 

IIIBIIIIH 

24 

N.S. 

3 , o . 4 . 4 • 5 
(20 \Mz -30 dB) 

25 

N.S. 

3. 5. 4. 4. 6 
(20 kHz *25 dB) 

26 

N,S. 

r>0 Uf7 f 20 dB) 1 

Bl 

N.S. 


mm 

N.S. 

3.5.4.4.0 
(20 kHz +10 .dB) 

29 

N.S. 

3, 3. 5. 1 

— 

Seconds 

3. 5. 5. 2 

— 

Minutes 

3. 5.. 5. 3 

— 

Seconds 

3.5.G (-225 kllx) 

30 

N.S. 

3 . 5 . S 

— 

uSec 

3.0. 1 (0 kHz) 

31 

Counts 

3.0. 1 a 1.5 kHz) 

32 

Coimts 

3.C. 1 (-115 kHx) 

33 

Counts 

3.0. 1 (218 kHz) 

34 

Coimts 

3.(;. 1 (-218 kHz) 

1 3 

Counts 

3.0.3 
3.G..1 td^ 



N.S. (Stalility) 

N.S. 

3 • 0 • 4 

— 

N.S. 


MIN 


MEASURED 


MAX 


REJECTED 

































































































TEST NO 


UNITS 


(L^ v5 






































































































ooZ 


DATE 


SYSTEM SAl 


OPERATOR 





Q/A REPRESS 

0c4s;C.d 


OjUj 


SYSTEM ACCEPTED 
SYSTEM REJECTED 


(3^ 

□ 



‘Slt-ooi 



LIST OF TEST EQUIPMENT 


DESCRIPTION 


m no z 




Tape Recorder, Sangamo Model 3503 
iniG B Time Code Generator 00 / 

Oscilloscope Tektronix 475 Oscilloscope 
Conai "jting C '»untcr, HP53G0A 
Time Interval Unit, ia>5379A 
RF Voltmeter, 1IP413A 

Spectrum Analyzer, IIP3551A/851A Z<ppsiB^3 

Tpst Set. General Dj-namlcs/Electronlcs PA* 2106DJI* TSaO A». S^COy^S 

A'tcnurtor, Kay Model 30-0 O^S‘o3ooJi 

Kc’sc CeiK'j’ator, GOAlIeetrcnlcs P/N 210G0o3 A/». S/>f^oy^^ 

Ta.)c for Recorder, Scotch S71-1-36C0 IRlI Stn.mi, 

Frequency Synthcsl7,er, IIPSICIA 9^osSS/ 

SytiLhesizer Driver, IIP3105D (pf«^/ Af/fSAaAj 9^089 SH 
Signal Generator, IIPCCCA ^jS'tD^yyS^ 

Parcjei: Supply +r>V, 7 Amps OS^^f^SSS 
Power Supply +5V, 3 Amps yyroS9J8S 
Power Supply -7.1V, 350 mA 
Aniu\otcr, Weclon '“01 

\Vr,vc Analy'/.cr, I!r3l0A i/SPiB 

1II'.>31A Dislorliori Ajialy^rr 

Sig-.a! Cor.Uiicr, CD/E.'::c*iOiucs P/N illiKiJ},-; T&oX* 4Aef. Sy^OOl87 
Power Meter. lil’13lC ^Voda! ^888) /^S'yy-^fTg 































































STEP 


TEST KO 


UNITS 


MIN 



( 2 ) 


REJECTED 























































SI I i 


ri.ST NO 


UNirs 


MIN 



( 3 ) 







































































































































STEP 


TEST NO 


UNITS 


3.3.4. 4. 2 
(20 i:liz -H5 clB) 

22 

N.S. 

(2U kHz +-40 dB) 


N«S« 

3. 5.4. -I.-. 

(20 ki!z ^35 OB) 

24 

N.S. 

3. 5. 4. 4. 3 
(20 kHz -^30 dB) 

25 

N.S. 

3.S.4.4.6 
(20 kHz 4-25 dB) 

26 

N.S. 

3. 3. 4. 4 7 
(20 kHz ^20 dB) 

27 

N.S. 

3. 3.4. 4. 8 
(20 kHz -t^lS dB) 

28 

N.S. 

IHSiliH 

29 

N.S. 

S» 1 

— 

Seconds 

3.5.S.2 

— 

Minutes 

3« S* S« 3 

— 

Seconds 

3.5.3 (-223 kHz) 

30 

N.S. 

3.5.7 

1 

— - 

uSec 

3.C.1 (0 kHz) 

31 

Counts 

3.6.1 (113 kHz) 

32 

Counts 

3.6.1 (-113 kllz) 

33 

Co::nts 

3.6.1 (218 kHz) 

34 

Counts 

3.6.1 (-218 kHz) 

35 

Coimts 


3.G.3 
3.6.3 t(i2 


N.S. (StabiUty) 

N.S. 















































































































STEP 


TEST NO 


UNH-S 


MT4 







































SYSTEM S/N _ date 



D \ZT OaJ T/^fj ukut hj Litu. cP' 

^^^TEitx i^rO Pc(Z. F. UaCocD t^^AiA tvcm o/v^/c/«^ 



USX OF TEST EQUIPMENT 


DESCRIPTION 


S/N Cl 


Tape Recorder, Sangamo Model 3500 ^ 7£d/js/ 
nUG B Time Code Generator 

Oscilloscope Tektronix 4*^5 Oscilloscope W7Ca/J-jr 
Computing Counter, lIPS360A^y yy 
Tiine Interval Unit, HP5379A 
RF Voltmeter, 

Spectrum Analyzer, 

Test Set, General Dyn^imics/Electronics P/N 2106960 ^ 
Attenuator, Kay Model 30-0 <^/£a^S7 

Noise Generator, GDy^lectronics P/N 2106938 


.or Recorder, Scetch 871-1-3600 IRH 

I rf^iuency Synthesizer, HP5105A # 7 

Synthesizer Driver, HP5105B 

Ct6^J> /( ^ 

Signal Generator, K P6 06A Tf* 7 S'/f 

Povi'"- Supply +5V, 7 Ampsi^f/^ 

r Supply +5V, 3 Amps # 99 JS' 

c Supply -7.4V, 250 

Ammeter, Weston 901 

Wave Analyzer, HP310A 7 £tS'^J-4 

HP331A Distortion Analyzer^ 

Signal Combiner, GD/Eiectronics P/N 2106987 

Power Meter, HP431C 9^^ 7^Jtf 


s/a/ 0/3 























































































STEP 


TEST NO 


UNITS 


MIN 


3.3.3.T (800 Hzt 


800 llz IND. 


3. 3. 3. 7 (10 Hz) 

— 

10 Hz IND. 

mmm 

3.3.3.T 


Ranee Aca Como Ind. 

mmm 

a 4 3 



— 

3.4.3 


MV RMS 



I M 

N.S. ^ 

1 

O. d. 1 

3.3. 2.2 

— 

N.S. 

3,333,300 

3. o. 2. 3 

— 

N.S. 

1,668,303 

3. S. 3. 1 

00 

N.S. 

3.S.3.2 

01 

N.S. 

— 

3.S.3.3 

02 

N.S. 

3. o»4« 1 

— 

M.V. (RMS) 



3.5.4.1.1 


D.B. 

3.5.4. 1.2 (-^45) 

— 

D.B. 

— 

3. 3.4. 1.2 (MO) 

— - 

D.B. 

wa» 

3. 5.4. 1.2 (M5) 

— 

D.B. 


3.3.4. 1.2 (♦OO) 

— 

D.B. 

--- 

3.3.4.1.2 (M5) 

— 

D.B. 

- — 

.3. 5.4. 1.2 («20) 

— 

D.B. 

3.5.4. 1.2 (MS) 

1 

— 

D.B. — 

J.3.4.1.2(+12) 

— 

D.B. 

is. 3.4. 1.2 (MO) 

— - 

D.B. 


( 3 ) 




































































































UNITS 


N.S. 


■o: 


N.S. 


N.S. 


N.S. 


N.S. 


N.S. 


N.S. 


Seconds 


Minutes 


Seconds 


N.S. 


uSec 


w>unts 


Coun.o 


Counts 


Counts 


Counts 


N.S. (StabiUty) 
N.S. 
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ON 

oft' 

OFF 

0/^ 

ON 


Flashing 








































